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HAMMERHEAD RIBQZYMES WITH EXTCNDED CLEAVAGE RULE 

Backgronnd of tbe Inveniion 

The present inveadcm Is in the field of composhions haviog RNA- 
cleavage activi^. 

5 Hammrriirad xibozyines are an example of catalytic RNA molecules 

wliich are able lo recognize and cleave a given specific RNA substrate 
(Hotchins et al., Nudeic Adds Res. 14:3627 (1986); Keese and Synxms, in 
Vinrids and wM - Uke pathogens (J J. SemaschDc, publ., CRC-Press, Boca 
Raton, Florida. 1987), pages 1-47). The catalytic center of hammeriieid 

10 ribozymes is flanked by three stems and can be fbnned by adjacent sequeice 
regions of the RNA or also by regions which ue separated from one anodier 
by many nucleotides. Figure 1 shows a diagram of such a catalyticaHy active 
hammeihead stiuctiire. The stems have been denoted L n and HI. The 
nucleotides are numbered according to the standard nomenclature for 

15 h a mme i ii ead ribo^mes (Hertel ef al.. Nadek Adds Res. 20:3252 (1992)). 
In this nomendanire, bases are denoted by a number which relates their 
position relative to the 5' side of the cleavage site. Faitlieimore» each base 
that is involved in a stem or loop region has an additional de^gnation (which 
Is denoted by a dcrimal point and tlien another nmnber) that defines die 

20 position of that base widiin the stem or loiip. A designation of N"-' would 
indicate diat dus base is involved in a paired region and that it is the third 
base in that stem going away fipm the core region. This accepted 
convention for describing hammexbcad derived ribozymes allows for the 
nucleotides involved in the ocne of the eazynm to always have the same 

25 nmnber reUtive to all of the otfaermicleotides. The size of the stems 

involved in substrate binding <v core fomation can be ai^ size and of airy 
sequence, and the position of A', for example, will remain the samt relative 
tt) all of the odier core nucleotides. Nucleotides designated, for example, 
N^" or represent an insetted nucleotide where the positiim of the caret 

30 C) relative to the number denotes wbedier die Insertion is before or after the 

indicated nucleodde. Iluu. N^" lepiesents a nucleodde inserted b^^^ 



* 



oucleolide position 12, and icpiesents a midcodde inserted after 
nucleotide position 9. 

The consensus sequence of Ibe catalytic core structure is described by 
Ruffiier and Uhlenbeck (Nucleic Addi Res. 18:6025-6029 (1990)). Pexximan 
er al, (Gene 113:157-163 (1992)) have tneanwhQe shown that this stnicture 
can also contain variations, for exaniple, naturally occutiiqg wpgf f^tfiifft 
insertions such as and ff^^, Tfans, the posithre stnmd of die satellite 
RNA of the tobacco riiig-^t vims does not contain any of the two 
mideodde hiserdons while the +RNA strand of the viiusoid of the hiccn^ 
transient streak vims (vLTSV) contahu a « U insertion which can be 
mutated to C or G without loss of acdvity (Sheldon and Symons, Nucleic 
Adds Res. 17:5679-5685 (198^). PuttfaernKne. m this special case, « A 
and » A. On the other hand, die minus strand of the carnation stunt 
associaied viroid (- CaiSV) is quite unosual since it contains both nucleotide 
insertions, thatis N^>^ » AandN^ = C (Henumdez er g/,^ Atofeic /icto 
Jto. 20;632^^9 (1992)). Intfais vhoid » Aand R»-< - A. in 
additicm, this special hammerhead structure exhibits a very effective self- 
catalytic cleavage despite the more open central stem. 

Possible uses of h a mmerhea d r ib oiymes inchide. for exampk, 
generation of RNA rcstnction enzymes and the specific inactivadon of die 
. expression of genes m, for exami^, anhnal, human or phuH cdls and 
prokaryotes, yeasts and plasmbdia. A paiticidar biomedical interest is based 
on the fact that many diseases, inchiding many forms of tumors, are related 
to die oveiexpxession of specific genes. Inacdvating such genes by deavmg 
the associated mRNA tepr c sems a possible way to control and evemualty 
treat such diseases. Moreover there is a great need to develop antiviral, 
a nt ibacte ri al, and antlfiingal pharmaceutical agents. Ribo^mes have 
potential as such and-infective agents since RNA molecules vital to the 

survival of the organism can be selectively destroyed. 

One of the greatest unprdimmts to using hammerhead tsased 
ribozymes for phannaceutica] agents is die limited availabili^ of accq)table 
targets in normal Gerlach designs and when targeting pre-formed half 
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hanmcriiead structures (see WO 97/18312). In aMtion to oeeduig the 
conect hybridiziiv tequenoes for substrate bioding. substrates for 
hanunerbcad ribozymes bave been shown to strongly prefer ibe triplet . 
^M^Mwijjii N can be any nucleotide. U is uridine. andH iaeitbcr 
5 adenosine, cytidine, or aridini^ (Koizuini et oL, FEES Lett, 228, 228-230 
(1988); Rufter aal,. Biochemistry 29. 10695-10702 (1990): Peniman et 
al.^ Gene 113. 157-163 (1992)). Tbe fxx that changes to this general mle 
for substrate spedllcity result in ncm^unctiona] substrates implies that theie 
axe "non core compatible' structures which are formed when substrates are 

10 provided which deviate fhnn the stated requirements. Evidence along these 
lines was recently repoited by Uhknbeck and co-woikers (Biochanistry 
36:1108-1114 (1997)) when they demonstrated that the substimtion of a G at 
position 17 csnsed a fiinctionally catastrophic base pair between G" and C to 
form, both preventing the conect orientation of the scissile bond for cleavage 

15 and the needed tertiary mienictions of C? (Murray ero^^SibctoR. /. 

311:487-494 (1995)). Tbe strong preference for a U at position 16.1 may 
exist for similar reasons. Many experiments bave been done in an attempt to 
isolate riboi^mes which are able to e£Qciently relieve the lequireniBnt of a U 
at position 16.1, however, attempts to flt^ hammerhead ^pe ribozymes 

20 which can cleave substrates having a base other than a U at position 16.1 
have proven inqxyssible (Perriman et al.^ Gene 113, 157-163 (1992)). 

Efficient catalytic molecules with reduced or altered requirements fai 
the cleavage region are higjlily desirable because their isolation would greatly 
increase the number of available target sequences that molecules of this type 

25 could cleave. For example, it would be desirable to have a xfboiymc variam 
that could efficiently cleave substrates containing triplets odier than 
^iuyi».i|{i7 gjj^ would increase the number of potential target cleavage 
sites. 

Chemically modified oligonucleotides which contain a biodc of 

30 deoxyribonucleotides in die middle region of the molecule have potential as 
pharmaceutical agents for the specific mactivatian of the expression of genes 
(Giles et al.. Nucleic Acids Res. 20:763-770 (1992)). These oligomicleotides 

3 
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can foim a hyfarid DKA-RNA duplex in which the DNA bound RNA stnmd 
is dreaded 1^ RNasc H. Such oligonucleotides are considered to promote 
cteavage of the RNA and so cannoi be characterized as havnvg an BNA- 
demving activi^ nor as cleaving an RNA molccole (the RNase H is 
5 cleaving). A significant disacKrantage of these oligonucleotides for in vivo 
plications is their low speci£k±y, since hybrid fonnation. and thus 
cleavage, can also take place at undesired positions on die RNA molecules. 

Previous attempts to recombinantly expiess cataiytically active RNA 
molecules in the cell by transfecting the cell with an appropriate gene have 

10 not proven to be very effective since a very higji nqnession was necessary to 
inactivate specific RNA substrates. In addition the vector systems which are 
available now cannot generally be ai^lied. Funhennore* unmodified 
ribo^mes cannot be adnunistered directly due to the sensitivity of RNA to 
degradation ]hy RNases and their interactions widi proldns. Thus, chemically 

IS modified active substances have to be used in order to administer 

hammerhead ribozymes exogcnously (discussed, for example, by Heidenieich 
€t al., J. Biol. Oenu 269:2131-2138 (1994); Kiehntopf ef a/., EiOBO J. 
13:464S4652 (1994); Paolella ef a/. , EMBO I, 11:1913-1919 (1992); and 
Usman et al., NucideAdds Syng^. Ser. 31:163-164 (1994)). 

20 U.S. No. 5334,711 describes such chemically modified active 

™*^nff^ based on syntfaedc catalytic oligonucleotide structmes with a 
leiigth of 35 to 40 nucleotides which are suitable for cleaving a nucleic add 
• target sequence and contain modified nucleotides that contain an optionally 
substituted all^l, alkenyl or alkynyi group with 1-10 carbon atoms at the 

25 2'-0 atom of the ribose. These oligonucleotides contain modified minleortdft 
building blocks and form a structure resenibliqg a hanunerliead structure. 
These oligonucleotides are able to cleave specific RNA substrates. 

The use of a huge number of deoxyribomsdeotides in the 
hybridization arms or in the active center can lead to a loss of qiedficity due 

30 to an activation of RNase H since sequences winch are related to the derired 
target sequence can also be deaved. Moreover, catalytic DNA oligomers are 



4 



I 



4« I 



wo 98/58058 



PCT/US98/12663 



10 



15 



20 



25 



30 



not particulaiiy well suited for in vivo applications due to imaBctions wiA . 
procdns, and lack of resistance to degradation by n"rlcftsfs. 

It is therefore an object of the present invention to provide 
conipositions that cleave RNA, and in panlcular to provide RNA-deaving 
oligomen which at the same time have a high stabili^, activity, and 
speczncny. 

It is another object of the present invention to provide compositions 
that cleave RNA sobstiates having a cleavage site triplet other tiian 

Summary of the Invcntimi 
Disclosed are conditions having an RNA-dcavage activity, as well 
as their use for cleaving RNA substrates in vitro and in vivo. The 
compositions contain an active center, the subunits of whkh are selected 
finom nucleotides and/or nucleotide analogues, as well as flanking regi 
contributing to the formation of a specific hybridization widi an RNA 
sttbsbate. Preferred coinposttions form, in combbiBtkm with an RNA 
sobatrate, a structure resembling a hammeriiead structure. The active f ^n t r r 
of the dbclosed compositions is characterized by tiK presence of P*' which 
allows cleavage of RNA substrates having C^^^ 

■ 

Brief Deflcription of the Drawings 
Figure 1 is a diagram of a hanmneihead structure and the 
corre^)andingnomenchimre(S£QroNO:l). Qeavage occurs between H" 
and N^*' to generate the Z'.B'-cyciic phosphate at H^. 

Figure 2 is a diagram of an RNA substrate (SEQ ID NO:S) in 
association wilh an example of an oligomer (SEQ ID N0:2) dm cleaves the 
RNA substrate. The stnicture formed by the oligomer and the substrate 
resembles the structiue of a hamm e rh ead ribozyme. In tliis case, die 
substrate makes up half of stems I and m* and loops I and DI are not 

preseoL Cleavage occus 3* of H*^ 

Figure 3 is a diagram showii^ the interaction of the A"**-U^' base 
pafar in hammerhead ribozymes (top), and the predicted isostructural 
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interaction of a i^-^^i^^ base pair (bottom) that replaces the A"'''U^^* base, 
pair. 

Figure 4 A is a graph of fraction of cleavage product versus time (in 
minutes) for the cleavage of a short 5*-fhioresoeui labelled 

5 oUgoribomicleotide substrate (SEQ ID N0:8) containing a GCA site by four 
variants of 2*-0-allylated 5-ribo catalytic oligomers each containing a 
different mideobase at position (U, C» A and G; SEQ ID N0S:18» 22, 
23» and 24, req)ective]y). 

Figure 4B Is a graph of fiactioD of deavage prodnct versus time On 

10 mimttes) for tt» cleavage of a short 5'-fhioresceia labelled 

oUgoribomicleotide substrate of SEQ ID NO:B comaimng a GCA site by fcmr 
variants of 2*-(>-allylated 5-ribo catatytic oligomers each contauung a 
differem nucleobase or base amdogue at position tV (U. 5-nitroindole, I. and 
quuiazoline-2, 4-dione; SEQ ID N0S:18, 27, 25, and 26. re4)ectiveiy). 

15 Detailed Description of the Invcndfln 

Disclosed are compositions havmg an RNA-deavage activi^. as well 
as their use for deavipg RNA-substtates in vim and in Wvo. The 
conqioBitions contain an active center, the submits of which are selected 
from nucleotides and/or nucleotide analogues, as well as flanidng regions 

20 contributing to die formation of a specific hybridization with an RN A 
substrate. Prefened compositions form, in combination with an RNA 
substrate, a stmcture rcsenibliBg a hammcdnd structure. The active center 
of the disclosed compositions is characterized by die presei»e of I'^*' which 
allows cleavage of RNA substrates having C'*'^ 

25 All naturally occurring haniiinhr ad tibos^mes have an A^^-'-lT^' 

base pair. In addition, it is known that substrates for ribooymes based on 
the consensus ha mma he a d seqnergc stroi^y prefer a substrate that contains 
an N^*^>*^'H" triplet in which is tiot a guanosine (Koizumi 
Lett. 228, 228-230 (1988); Rufiber ef of., Biodteadstry 29, 10695-10702 

30 (1990);PerrimaneraL,(%iie 113. 157-163(1992)). Maiiy e3q)eriment5 have 
been done in an attempt to isolate riboiymes which are able to efficiently 
relieve die requirement of a U at position 16.1, however, attempts to fmd 
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ribozymes whicli can cleave substntea having a base other than a U at 
position 16.1 have pxoven impossible (Peniman a al*^ Gene 113, 157-163 
1992, Stiigh er of., Antisense and Nudde Add Drug Deveiopment 6: 165-168 
(1996)). 

5 However, examiaation of the recently published X-ray crystal 

stnictiacs (Pley a oL^ Nature 372:68-74 (1994). Scott et al.. Cell 81:991- 
10Q2 (1995), and Scott er al.. Science 274:2065-2069 (1996)) led to the 
realization that the A^-'-^U***' fntcracrinn ls a non-scmdanl base pair with a 
single hydrogen bcmd between the cxocyclic amine (N6) of the adenosine and 

10 the 4-oxogroq;> of the uridine. Modeliog studies (baaed on the oystal 

stiuctuie) then led to the discovery that the interaction of die wild-^pe A'^^- 
U'^' base pahr can be spatially rnhnirlcied by r^lacement widi an l^^^C^^i 
base pair that adopts an isostructural orientation and which preserves the 
required contact of the 2-keto grt>up of C^^' with A* of the uridine turn. In 

15 the model, the polarity of the stabilizing l^drogen bond between positions 
15.1 and 16.1 is reversed in the i"'>-C^* interaction, but the contct 
orien&tti<m of the bases around thb bond is mahitalned. 

It has been discovered that Gerlach type ribozymc analogues 
containing an inosine at position 15.1 readily cleave RNA substrates 

20 containing an N^^^^-'ff ^ triplet. Based on this, disclosed are compositions, 
preferably symbetic oligomers, wfaidi cleave a micleic add target sequence 
containing the triplet N'^'^W^ It is preferred that H" is not guanosine. 
The ability to cleave substrates having N^^^^^X'^ tr^ko effectively doubles 
the number of targets available for cleavage by compositions of the type 

25 disclosed. ' 

Compositiona Havfaig an RNA-dom^ Activity 
Specifically disclosed is a composition that cleaves an RNA sul>straie, 
where the composition Inchides components (a) and (b), where component (a) 
includes a structure 5*-Zi-Z2-3* and component (b) includes a structure 

30 S'-Z,-Zr3'. (]6nqx>ne!tts (a) and (b) can either be separa^ 

be covalently coupled. Bemenrs Zt and Zi in components (a) and (b) are 
each oligomeric sequences ^nMdi are made up of mideotides, nucleotide 

7 
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analogues^ or a CQmbinatum of both, or axe oHgonudeodde analogues. TIic 
oligDmeric sequences of elements Z| and specifically interact with the 
RNA substrate, preferably by bybridizatioa. 

In these p refer red compositioos, dement has a structure of 

f-X*rWX*X'XW.3% or 

5'-3PXW)mCWX»X**-3\ 
and element Z| has a structure of 

5*.X"'X»X"X»-'.3\ or 

Elenients Zj and 2^ In these preferred compositions arp made up of 
nucleotides, nucleotide analogues, or a combhiation of both. The nucleotides 
and nucleotide analogues in elements Z3 and Zg each have the structute 

B 



ff) 




In stnicmre (1) each B can be adeoi&-9*yU cytosin-l-yU giiaxui>-9-yl« 
uractl-l-yl. uracil-S-yl, hypoxanduii-9-yl. (hymin-l-yl. 5-mcthylcytosin-l-yl. 
2«6-diaminopurin-9-yl, purin-d-yl. 7-<lea2aadenin-9-yl, 7*deazagttaniD-9^yl, 5- 
propynylcytosin-l-yU 5-propynyhinicil-l-yI, isoguanin-9-yl, 2-aniinopurin-9- 
yl, 6-niethyhiiacil-l-yl. 4-thiouracil-l-yU 2-pyrim]donc-2-y], qQinazoIine-2.4- 
dicne-l-yl. xanthiiH9-yl, N'-dimcihylguanin-9-yl or a functional equivalent 
thereof; 

Each V can be an O, S, NH, or CH^ group. 

Each W can be -H, -OH. -COOH. -CONH,, -CONHR'. -CONRW. 
-NH2, -NHR\ -hrR»R\ -NHCOR*, -SH, SR\ -F, -ONH,, -ONHR'. - 
ONR"R», -NHOH. -NHOR>, -NRkWH, -NR^OR'. suhstinited or unsubstinxted 
CrC|o straight chain or branched all^l, substituted or unsubstituted Ci-C,o 
straight cham or brandied aUcenyl, substhuted or tuisubstituted C-Cto straight 
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chain or branched alkynyt, substituted or unsubsdtuted C|-Cto straight chain 
or branched alkoxy, substituted or uosubstituted Cj-Cm straight ^hftin 
branched alkenyloxy, and subsdtuted or unsuhstituted C2-C10 straight gh^m or 
branched aikynyloxy. The substitueots for W gnmps are uid^eodently 
halogen, cyano. amino, carboxy, ester, cttwr, carboxamidc, hydroxy, or 
macMpto. R' and can be substituted or unsubsthuted alkyl, alkei^l, or 
alkynyi groups, where the substitueots are indqtendent^ halo^n, cyano, 
amfaio, caiboxy, ester* ether, caiboxamide, hydroxy, or meicqito. 

D and E are residues which together form a phospbodlester or 
pboa^shorothioate diester bond between adjacent mwrlfA^idr^ or rairWyidf 
analogues or together form an analogue of an "*>^f?iffiwidir bond. 

B is hypoxazithin-9-yl, or a functional equivaieot thereof, in X^'; B 
can be guanin-9-yl, hypoxanthui-S^yl or 7-deazagnanhi-9^yl in X^, X*, and 
X*^ B can be ademn*9-yl, 2,6-diamiiic^nnii>*S^yl, purin-9-yl or T-deazaa- 
denm-^yl in X*, X*, X", and X'^; B can be uradl-l-yl. uradt-i-yl, thymfai- 
1-yl or S-prppynyluracil^l-yl in X^; B can be ^todn-Kyl, S-naethylcytosin- 
1-yl or 5-piopynyl(^5m-l-yl in X'; and B can be adenin>9-yl, cytosin-l-yl, 
guaninr9-yl, oncil-l-yl, uracil-5-yl, hypoxandun-S^yl, thymin-l-yl, 5- 
mediylcytosin-l-yl, 2,6-diamin(^»rin-9-yl, purin-9-yU T-deazaadeniihS^yl, 7- 
deazaguaiiiiir9-yU 5-propyxqricytosin-l-yl, 5-propynyhiraeil-l-yl, lsoguaxun-9- 
y], 2-aniinopurin-9-yl, 6*niethyluracil-l-y(, 4-tfa2ouraci]-l-yl, 2-pyrimidone-l* 
yl. quinazolii]e-2,4-dione^l-yl, xanthiiH9-y], N^-diinediy]guanhi-9^yl, or a 
functional equivalent tficrcof in X\ X^, and X^". B of X**-' is preferably 
hypoxaiitfa]i^9-yl or an analog where no hydrogen bond can fcnn between 
any group at the 2 position of the base and the 2-oxo group of C'**'. 
Ptefenbly^ B is not guanin-9-y] in X"*^. 

B in X?, X*. X*, X*. X", X». X"^. X", and X'' can also be a 
ftmcdonally equivalent nudedbase witldn the comext of the catalytic core of a 
hanunerbead riboaTme. For example, C» U^, and A* in hammerhead 

ribozymes form a structure closely resembling a uridine turn in a tRNA CPley 
et al.. Nature 372:68-74 1994). Other groups of nucleotides can also form 
undine turns and so mideotides X\ X^, X^, X^ may be replaced as a group 



with nucleotides or nucleotide analogues that have the potential to form a 
structure resembling a oridine turn. Sinulaily, the abeaied tjase pairs in the 
catalytic core of hamxnexfaead ribozymes have Imeracdons that may be similar 
to fauenctions of other B6n-canoDical base pairs. Knowledge of the crystal 
structure of the catalytic core of hammrrhrad riboa^mes, combined with die 
discoveiy that a Gexlach type hammerhead ribozyme hi winch a non- 
canonical base pair has been replaced with an isostnictuial non-canonical base 
pair is active, indiratrs flrnt analogous isostmctural base pair replacements 
should be possible elsevtoe in the catalytic core. 
Definitions 

As used herem, oligomer refers to cdigomeric molecules conqiosed of 
subunits where the subunits can be of the same class (such as nucleotides) or 
a mixture of classes (such as nucleotides and ed^lene glycol). It la prefened 
that the disclosed oligomers be oiigomenc sequences^ non-nucleotide linkers, 
or a combination of oligomeric sequences aivl non-nucleotlde finkers. It is 
more preferred that the disclosed oligomers be oligomeric sequences. 
Oligomeric sequences are oligomeric molecules where each of tiie sobonits 
indudes a nucleobase (that is, the base portion of a nnclcotidc or nucleotide 
analogue) which can interact with oci» oligomeric sequences in a Inw- 
specific manuBT. The hybridization of nucleic acid strands is a prefe ned 
example of such base-specific interactbns* Oligomeric sequences preferably 
are con^rised of nucleoddes^ nucleotide analogues, or both, or are 
oligonucleotide azudogues. 

Non-nudeotide linkers can be any molecule, which b not an 
oligomeric sequence, that can be covalentfy coupled to an oligomeric 
sequence. Preferred non-nucteotide linkers are oligomeric molecules formed 
of non-nudeotide subunits. Exa]i4)les of such oon-nucleqtkle linkers are 
described by Letsinger and Wu, (/. Am. Chem. 5bc. 117:7323-7328 (1995)). 
Benseler et al., (J. Am. Chem. Soc. 115:8483-8484 (1993)) and Fa el a/. , 

(/. Am. Chm. Soc. 116:45914598 (1994)). Piefentd non^nudeotide 
linkers, or subuidts for non-nucteotide linkers, mchide substituted or 
unsubstituted C,-C|o straight chain or branched alkyi, substituted or 
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10 



15 



20 



25 



30 



UDSubstituted Cj-Cio straight chain or branched alkenyl, suhstitated or 
unsubstitutcd C^-Cio stnigbt chain or branched aikynyl, substituted or 
itnsubstituted C,-Cio straight diain or bnmched alkoxy, safastituted or 
unsubstftuted C|-C|o straight chain or branched alkenyloxy, and aiH^ Tt^. ^ of 
unnibstituted Cj-Cfo straight chain or branched alkynyloxy. The substituents 
for these prefened Don-nudeotide linkers (or siibunhs) can be halogx 
cyano, amino, carbo^qr, ester, ether, caiboxamidc, hydroxy, or meicapto. 

As used herehi. nucleoside refers id adenosine, guanosme, 
cytidine, undine, 2*-deoxyadenosine, 2*-deoxyguanosme, 2*- 
deo^rcytidine. or drynudme. A nucleoside analogue is a chemically modified 
fonn of m ici c o si d r containing a chemical modification at any position on the 
base or sugar portion of die nucleoside. As used herein, tiie tenn nucleoside 
analogue cnconqMsses, for exanqsle, both nucleoside analogues based on 
naoirally occoniog modified nucleosides, such as inoshae and pseudouridine, 
and n ucl e o si d e analogues having other modifications, such as modifications to 
the T position of die sugar. As used herein, nucleotide refen to a phosphate 
derivative of nucleosides as described above, and a mirlftotMe analogue is a 
phoaphale derivative of nucleoside analogues as described above. The 
subunits of oUgomideotide analogues, such as peptkie nucleic acids, are also 
considered to be nucleotide analogues. 

As used herein, a ribonucleotide is a nucleotide haviiQ a 2' hydraxyl 
functk>n« Analogously, a 2'-deoxyribonucleotidc is a nucleotide having only 
2* hydrogens. Thus, ribonucleotides and deoxyribonucleotkies as used herein 
refer to naturally occurring nucleotides having nucleoside components 
adenosfaie, gianosine, cytidine, and uridine, or 2'-deoxyadenosine, 2 - 
deoxyguanosine, 2'-deoxy<^tkiine, and diymidhie, respectively, \ridiout any 
c h emi c al modification. Ribonudeosldes, deoxyribonudeoskles, 
ribonucleoside analogues and deoxyribonudeoside analogues are slmllariy 
defined except that they lack the phosphate group, or an analogue of the 
phosphate group, found in nucleotides and micicotide analogues. 

As used herein, oligimucleotide analogues are polymers of nucleic 
add-like material with nucleic add-Iil» pnq>enies, such as secpience 
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dqsendent bybiidizatiozi, that contain at one or more positions, a modification 
away finmi a standaxd RNA or DNA nucleotide. A preferred example of an 
oiigonndeotide analogue is peptide nucleic vid. 

As used herein, base pair refers to a pair of nucleotides oi nucleotide 
5 analogues whidi interact through one or more hydrogen bonis. The term 
base pair is not limitBd to interactions generally characterized as Watson- 
Crick base pain, but inchides non-canonical or sheared base pair interactions 
(Topal and Fresco, Nature 263:285 (1976); Lomam and Fresco, Prog. NucL 
Add Res. MoL Biot. 15:185 (1975)). Thus, nucleotides A*^ and fonn 
10 a base pair b hammerhead ribozymes (see Figure 1) but the base pair is im- 
canonical (see Figure 3). 

Ihe ictemudeosidic tinkage between two nucleosides can be achieved 
by phoqjhodiester bonds or by modified phospho bonds such as by 
phosphorothioate groups or other bonds such as, for exan^le, those described 
15 m U.S. Pat. No. 5.334.711. 

Flanking Elements Z| and 2^ 

The monomeric subnnits of elements Z| and Zt which flajdc the active 
center (formed by elements Z, and Z,) are preferably nucteoridn and/or 
nucleotide analogues. Rlemcnts Z| and Z| are Hi^t£««vt so that tl^y 

20 specifically interact, prefendily by iQimdizatim 

and. together with the active center Z^ and Z,. fomi a stnictnre (prefenbly a 
stnicmre resembling that of a h am merhead ribozyme) which specifically 
cleaves the RNA substrate. 

The subunits of elements Z, and Z« can. on the one hand, be 

25 ribcmudeotides. However, it is preferred ttiat the number of ribonucleotides 
be as small as possible since the presence of ribonucleotides reduces the in 
nvo stability of the oligomers. Elements Zt and Z« (and also the acdve 
center Z^ and preferably do not contain any ribonucleotides at the 
positions contahdhg pyrimidine nudeobases. Such positk>ns preferably 

30 contain lucleotide analogues. 

The use of a large number of deoxyribonucieotides in elements Z| and 
Z4 is also less preferred since undesired interactions with proteins can occur 
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or an unixocaxied RHase H-seasitW Tfans. 
dements Z, and each prefeiably cantain (1) no nbonucleotides, and (2) 
no npqnmnfn of more than 3 consecutive dcoxyribonucleotides. 

The subimits of elements Zt and Z| are prefeiably oudeotideB, 
5 micieotide analogues, or a combination. Preferably, the nucleotides and 
nucleotide analogues in elements Z| and Zi each have the structure 




E W 



In structure (I) each B can be adenift-9-yI, cytosin-l-yl, guanin-9-yU 
15 uxacil*l-yl, ttraci2-5-yI, Iq^xanthin-^yl, thymin-l-yl. 5-fflediykytosi&-l-yU 
2,6-diaminq)urixh9-yI, purin-9-yI, 7«deazaadeniih9-yl, 7-deazaguanin-9-yl« 5- 
propyiiylcytDsiii-l-yl, S-propynyluncil-l-yi, isognanin-P-yl* 2-amiDoporiii-9- 
yl, 6-nietfaylunu:il-l-yl, 4-thiouxacil4-yl, 2»pyrinudone«l-yl» qDlnizoliiie-2,4- 
dione-l^yl, xaiidiiii-9-yt. N^-<i]inediylguaniii-9-yl or a ftmctional equivalent 
20 thereof; 

Each V can be an O, S, NH, or CH} group. 
Each W can be -H. -OH, -COOH. -CONH^, -CONHR^ -CONR*R^ 
-NHR\ -NR^R», -NHCOR*, -SH, SR^ -F, -ONHa. -ONHR*. - 
ONR'R^ -NHOH, -NHOR\ -NR>OH, -NR^R^ substituted or onsubstimted 
25 C|-C|o straight chain or branched alkyi, substituted or unsubstimted Q-Cio 
straight chain or branched alkenyl, substituted or unambsritiued Cs-C|o stxaight 
' chain or branched aU^nyl, substituted or unsubsdtuted C|-C|0 straight chain 
or branched alkoxy, substituted or unsuhstioued C|-C,0 strai^^ chain or 
branched alkenyloxy. and substituted or unsubstituted Cf^C^ straight chain or 
30 branched alkynyloxy. The substittients for W groups are independently 
halogen, Qfano, amino, caifooxy, ester, ether, caiixixamtde, hydrc»y, or 
mercapto. and R' can be substituted or unsubstituted alkyl, alkenyl, or 
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alkynyl groups, wberc the sttbstitueitts are independently halogen, cyano, 
aminot caitoxy. ester, ettaer, cazbozamide, hydioxy* or mercapto. 

D and £ are residues which together form a phosphodiester or 
pbosphorothioate diester bond between acQacent nucleosides or fing»«iffidf 
5 analogues or together fonn aa analogue of an intemucleoaidic bond. 

For elements Z] and Z« having nideotlde and/or nucleotide analogues 
of structure (I), it is preferred that each W is substitutBd or unsubstituted C|- 
C|| straight chain or branched aDcoxy, Cj-Cjo straight chain or branched 
alkenylo?^, or C^-Cjo straight chain or branched alkynyloxy.. 

to In addition, the flankiDg clranent^ Z| and Z4 can also contain nu- 

cleotide analogues such as peptide nucleic acids (also referred to as peptidic 
nucleic acids; see for example Nielaen tt al.^ Science 254:1497-1500 (1991), 
and Duehohn aal.,J. Org, Chem. 59:5767-5773 (1994)}. In ttiis case the 
coupling of individual subonits can. for example, be achieved by -acid amide 

15 bonds. Elements Z| and Z4, wlsn based on peptide nucleic adds, can be 
coupled to elements Zj and Zj, based on nucleotides or nucleotide analogues, 
using either suitable linken (see, for exan^le, Petersen et al.^ BUMed, 
ChejTL Leu, 5:1119-1121 (1995)) or direct coupling (Beigmami et al.^ 
Tetrahedron Lett. 36:6823-^826 (1995)). Where elements Z, and 2^ contain 

20 a combination of nucleotides (and/or nucleotide analogues) and peptide 
nucleic acid, similar linkages can be used to couple tlie different pazts. 

The subunits of the flaiddng elements Zj and Z4 contain nucleobases 
or nudeobase analogues which can hybridize or interact with nucleobases that 
occur naturally hi RNA molecules. The nucleobases are preferably selected 

25 from naturally occurring bases (that is, adenine, guanine, cytosine, thymine 
and uracil) as well as nudeobase analogues, such as 2,6-diamlnopurine, 
hypoxanthine, 5-nietbylcytosine, pseudouiacU, 5-pra^nyluracll, and 5- 
propynylcytosme, which enable a specifie binding to the target RNA. 

■ 

A stroiig and sequence-specific interaction (that is, a more stable 

30 hybrid between the RNA substrate and the oligomer) between the RNA 

■ 

substrate and elements Z, and 2^ is preferred. For this purpose, it is 
preferred that the following nudeobase analogues be used in oligomeric 

14 
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sequences of elements Z, and Zi in place of the standatd nudeobases: 2,6- . 
diamiDopurine Instead of adenine; thymine or S-piopynyittiacil instead of 
uracil; and S-metlq^lcytosine or S-propynylcyiostne instead of cytosine. 2- 
Amino*2'-0-alkyladenosines are also preferred (Lamm et al.. Nucleic Adds 
5 Res. 19:3193-3198 (1991)). Furtheimore, aromatic systems can be linked to 
positions 4.and 5 of uracil to produce mideobase analogues such as 
phenoxarinc, which can improve the stabili^ of the doable-strand (Lin et al., 
J. Am. Chem. Soc. 117:3873-3874 (1995)). 

Preferred RNA substrates for cleavage by -the disclosed conipositions 

10 have the structmc 

5^Z»"-C"•»-X"-Z,*-3^ 
where Z|* and Z«* interact widi Z, and Z«. respectively, where C'^^ is 
cytidine, and where X'^ is adenosine, guanosine, cytidme, or undine. 
Cleavage occurs 3' of X". Preferably, X" is adenosine, cytidiM. or uridine, 

15 more preferably X'^ is urimosine or pyridine, and most preferably X*^ is 

adenosine. Preferably, X'^ (dial is, the 3' nucleoside in Zt*) is adenosine or 
guanosine. The target sites in snbstrates v^ucb can be cleaved by the 
disclosed compositions are disdnct from target sites for previous hammerhead 
riboq^mes since inevious hanunerhead ribozymes require a uridine in position- 

20 16.1 of tbt substrate. 

Position N'^, which is the 3' most position present in Z^', can be 
either a guanosine, adenQshie, qrtidine, or uridine. It is pi e fcxi c d that N**^ 
is eidier a guanosine, adenosine, or cytidine. It is more preferred that N*" 
is either guanosine or adenosine. It Is most pr e fer re d that Is guanosine. 

25 Preferred substrates for cleavage by the disclosed compounds are those where 
N'^ is guanosine, adenosme, or cytidnie arxl X" is adenosite. More 
preferred substrates for cleavage by the disclosed compounds are those where 
N'^ Is guano^ or adenoshie and X" is adenosine. Most pr^ierrcd 
substrates for cleavage by the disclosed compounds are those where is 

30 guanosine and X'^ is adenosine. 

Flanking elements Zt and Z* preferably contain, indqsendently of each 
other» from 3 to 40. and more preferably from 5 to 10, nucleotides or 

15 
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nucleotide analogues. It is piefened that Z, and Z/ interact to form a stem, 
of at least three base paiis. and tlut Z4 and Z;* intenct to 
least dsee base pairs. It is more pjef erie d that these steins , are adjacent to Zi 
and Z|« respectively. It is most preferable that Z| and Z,* lnienu:t to fbim a 
5 stem of more dian three base pairs, and that Z« and Z«* interact to form a 
stem of more than three base pairs. 

Preferred RNA substrates are those that have little mhibitory 
secondary structure associated with the target region of the RNA. There are 
a nuQiber of ways to determine which regiisns of an RNA mdecule contain 

10 secondary structure, and would therefore be less preferred, and whicb regions 
of an RNA m olecul e have little secondary structure, and tfaeiefore, would be 
more preferred. Prefisrred methods for determhung regions of single- 
stranded RNA are those that map the singlenstranded regions of RNA by 
selectively reacting with or recognizing these regions. There are maxq^ 

15 chemicals (dimenthyl sul&te (DMS), ctiethylpyrocarbonate (DEPQ, cathoxal 
(CMCI), carbodiimides) which react widi nitrogeos at the Watson*Crick Ibce 
of imdeotides. Nucleotides involved in Watson-Cridc base pairing diow less 
reactivity with these chemicals than mclcotides which are not Enzymatic 
reactionB (udng reverse transcriptase, RNase Tl, cobra venom nuclease, 

20 nuclease SI, mideaae VI) with chemically modified RNA create shortened 
oligonucleotides whose length is deprndant on the base where the chemical 

m 

reaction occurred. Since chemical reactions occur preferentiaUy at the su^ 
stranded regions of the RNA, these techniques indicate where the secondary 
structure of the RNA is. For example, methods sucb as dhnethyl sulfate and 
25 reverse transcrqition mapping indicate regions of double-stranded RNA. 
Reveoe transcr^itase under the apprppriale conditions is unable to process 
through regions of double-sttanded RNA, and therefore, there are abortive 
transcrqrts whidi when analyzed by polyacryiamide gel electrophoresis 
(PAG^) indicate where in the RNA regions of strox^ secondary stracnne 

30 exist, Exanqiiesof these methods are described by Kumar era/.. 

Biochemistry 33(2):583-392 (1994), Mandiyan and Boublik, Nucldc Adds 
Ra. I8(23):7055-7G62 (1990), Bemai and Garcia-Arenal, RNA 3(9):10S2- 
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1067 (1997), and Ehresmasn ef a/., Nucleic Adds Res. 15(22):9109-9128 . 
(1987). 

Another method which assesses which regions of RNA are single- 
stranded is RNase H napping. In this m^faod, shoit» random DNA 
5 oiigonucJeotides are synthesized and mixed with the tai:get RNA. Regions of 
easy acceasibili9 are hybridized with the short DNA molecuk^ TheDNA- 
RNA hybrid regions are then cleaved fay RNase The labeled RNA 
molecole can then be analyzed by PAGE. By rfwr^A^ the cleaved 
molecules with a sequencin g ladder, the regions of single-stnoided DNA can 
10 be inferred. Examples of Uiis method are described by Ho et ai.. Nature 
Biotechnology 16:59-63 (1998). and in U.S. Patent No. 5.525,468 to 
McSwiggen. 

In vitro splection experiments (Szomk. TIBS 19:89-93 (1992)) can 
alio be performed to determine the accessible single-stranded regions of 

15 RNA. For exanqile, tiie target RNA can be mixed whfa random DNA 
oligonucleotides that contain primer binding regions which can be used for 
PGR amplification. Anq)iif!cation and reselection in an iterative manner win 
allow for cnrichmeiii of those DNA sequetKcs which are capable of bhidiiig 
the RNA. This identifies the regions of the RNA which are accessible for 

20 oligonucleotide hybridization. The selection or mw^mt^mt step can be any 
size selecdon or double-stranded nucleic acid sq>aradoQ technique. For 
example, Sephadex column chromotagiaphy will separate the large, bound 
DNArRNA complexes and the small unbound DNA molecule8» or 
mtrooellttlose mtratlon will retam the bound RNA while the unbound DNA 

25 molecules will flow through. 

ThevB are also a number of methods for optimizn^s the oligomeis fbr 

m 

a given substrate. For example, position N' of the oligomers, which has no 
specific sequence reqohnments, can be changed to help mhihnize d» 
possibiliQr of unwanted secondary stxucture in tlie oligomeis *^f ig nwl for a 
30 given target sequence. Also specific base modifications, such as 7-deaza- 
guanosine or 7'-deaza-adenosine. can be utilized in regions having a number 
of guanosines or adenosines to prevent nnwanted punncpurine interactions. 
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Similar substitutions can be accomplished by introdudag inosiue inio 
guanofiine rich regions, that may be present for example in i^os 7} or V 
of the catalytic oligomer. 
Catalytic Core 

Elements Z2 and Z| are considered to form the catalytic core of the 
disclosed conqxisitions, and are preferably made up of nucleotide analogues 
and a small number of ribonucleotides. In dements Zj aal Z] it is preferred 
that eadi W fm snucmre (I)) is Cj-Q straight chain or branched alkyU Cj-C, 
soaigfat chain or branched alkenyl, CVCs atraigfat chahi or txranched all^^yl, 
C1-C3 straight chain or branched alkoxy, Cj-Q straight chain or branched 
alkenyloxy, and Q-C^ straight chain or branched Q-C, alkynyloxy. It is also 
preferred that in each X*, X\ X' and X"", W U NHj. OH-substituted C-C^ 
allgfl, OH-subsd&ited C1-C4 alknnyl, OH-suhsdmted C)-C4 alkoxy or OH- 
subsdmted alkenyloxy. It is more preferred that in each X*, X^ X7 
and X*°, W is NB,, methoxy* 2-hydioxyethoxy, aflyloxy or allyl. It is also 
preferred tiuu in X*^, W is -H or -OIL It is also preferred that m each X'' 
and X»*. W is CfC* all^l, C,-C4 alkenyl. Ci-C» alkoxy. Cj-C^ alkenyloxy, 
OH-subsdmted C,-C4 aUqrl. OH-substituted CVQ alkayU OH-substinited C,- 
Q alkoxy, or OH-sobsdtuted C2-C4 slkenyloxy. It is more preferred that m 
each X*^ and X'\ W is metfaoxy, Z-hydcoa^etfaoxy or allyloj^. 

The sabanits in elements Z, and Z| are preferably mici^^^ 
analogues which can only hybridize weakly with ribonucleotides. Examples 
of such sttbonits are nucleotide analogues that contain a substituted or 
unsubstituted aUQrl. alkenyl, alkynyl, alkoi^, alkenyloxy or alkyiiyloxy 
group, with preferably 1 to 5 carbon atoms, at the 2* position of ribose. 
Preferred oudeobases which can be used in dements and Z3 for this 
purpose are adenin-l>-yi, punn-^yl, uracil-l-yl, cytosm-l-yi, guanin-9-yl and 
hypoxanthin-S^yl. 

The following nucleotides and nucleotide ftttft|ftgH>>f are preferred for 
element Zj (referriiig to components of structure (I)): 

Position 3i?: B a cyiosm-1-yl, V • O, W « allyloxy; B = cytosin-1- 
yU V = O, W « aUyl; 
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Position X*: B » uraciH-yl, V = O, W « allyloxy; B « uractl-l-yl, 

V » O. W = aUyl: B = uracfl-l-yl, V » O, W = OH; 

Position X*: B = guanin-9-yl« V = O, W •* amino; B « giianiji-9-yI. 

V - O, W « OH; 

5 Position X*: B » adeiun-9-yU V = O, W « H; B « purin-9-yI, V = 

O, W » OH; B « idcnitt.9-yl, V » O, W « OH; 

Poation X7: B - uncil-l-yl, V = 0» W = allyloxy; B » cytosin-1- 
yU V « O. W • aUyU 

Fositioo X*: B « giuninp9>yl, V s w « imino; B » 
10 hypoxanthin-9-yl, V » O, W « OH; B » gaanitt-9-yl» V - O, W = OH; 

Position X*: B « adenin^yl. V « O, W « H; B = puritt.9-yl, V = 
O, W « OH; B « adcnin-9-yI. V - O. W « allyloxy. 

The following nucleoticlcs and nucleotiilct analogues axe prefeiied for 
element (referring to co mpoa en is of structure (I)): 
15 Position X": B - gi2anin-9-yl, V = O. W =i H; B = 7-deazaguanin- 

9-yl, V » O. W - OH; B » goania^yl, V « O, W » OH; 

Position X": B = adenin-9-yl, V « O, W = allyloxy; or B = 
adaiin-9-yl, V = O, W » 2-]^ydroxyetfao9^; B = inixin-9-yU V - 0. W - 
allyloxy; 

20 Position X'*: B = adeniii-9-yU V » O. W - allyloxy; B « puiin-9- 

yl, V = O, W = OH; B = adenin-9-yU V » O, W - 2-liydrojqfctlioxy: B 
= purii>.9-yl, V « O, W » allyloxy; 

Position X"'4 B » hypoxantlii&-9-yl tn- a fonctkmal equivalent 
theieof» V « O, W « OH. 

25 Elements Z2 and 2^ interact in a way ttiat allows fox tlie formation of 

a catalytic stnicture. In piefened coixqx>sitions 7^ and Z3 interact in a way 
that allows for the fonnatioa of a catalytic stroctaie resembling a 
h a mmer head catalytic structure. One way Z2 aivi Zj can interact to form a 
catalytic structure is through the interaction of the nucleotides and/or 

30 imcleotidc analogues Quldpg 19 aDd Z). Tbe disdosed c(»opositioDS liave 

an KNA clcavii^ activity independent of RNasc H. That Is, the disclosed 
compositions are able to cause cleavage of an RNA substrate without 
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involving RNase H. Although the disclosed compositions may also be 

c^Ie of promoting cleavage of RNA by RNasc H. it is preferred that they 
do HOC 

Desired interaction between Zi and 2^ is preferably enhanced by 
5 couplii^ elements CO the 3*-cnd of Z, and/or the S*-end of 2^. Asingle 
element (refened to herein as Z}) can be nsed in this way to covalently 
couple elements Zi and Z). The strocture of such a form of the disclosed 
conations would be 5'-Z,-Z2-ZrZ,-Z4-3'. Sepaiate elements (referred to 
herein as Z, and Z,) can be coupled to Zji and 2i which picferabiy intenct 
10 (non-covalenily) to stabilize or otherwise enhance die intenu:tion of elements 
ZtandZi. Conqxment (a) of a composition of dds form would have the 
stnicture 5*-Z,-Zj-Z^3\ and component (b) would have the structure 5*-Zr 

It is prefcned that elements Z,, Z» and Z| are oligomeric sequences. 

15 nosMBicleotide linkers, or a cmnbhntion of ollgoineric sequences a^ 
nucleotide linkers. It is more pzefened that elements Z,, Z« and Z, are 
oligomerie sequences* It is most prefeired Out these oligomeric sequences 
imeiaa to form an intramolecular stem (in the case of 2^ or an 
intetmolecular stpm (in the case of z; and Zy). Such stems preferably 

20 contain firom 2 to 30 base pairs, and are preferably continuous (that is, 

lacking unpaired bases). Elemems Zg. Ze and Z, preferably are conqnised of 
nucleotides, nnclentidc analogues, or both, or are oligonucleotkle analogues. 
It is preferred that Z, interacts with itself hi such a wi^ as to stabilize the 
interactions between Zi and Zj. Sonilarly, it is preferred that Z5 imeiaa 

25 with Zy In such a way as to stabilize the interactions between Zz and Z,. It is 
preferred that elemems are oligomeric sequences made up of w^f lfo tidCT 
and/or nucleodde anakigues, oligomicleodde analogues, or a combination, 
which are able to hybridize with each other. ' 

Element can serve as a covalent linker coupling 3' end of Z;, to 

30 the 5* end of Z}. Element Z, is preferably made up of either oon-nucleotide 
molecules such as polyethylene glycol, or oligomeric sequences, ingi nrf?pg 
nucleotides, nucleotide analogues and oligonucleotide analogues, or a 

20 
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combination of nucleotides, nucleotide anaiogues and oligonucleotide 
mlogoes. A prefened fonn of element is made up of nucleotides, 
. nucleotide analogues, oligonucleotide analogues, or a combination of 
nncleotides and nucleotide analogues which axt able to intenct 
intiamoleculaily to fbim a stein-loop stnicnire. A prefen e d steoHloop 
strnctnre for element Z) is one containing from 2 to 30 base pairs. 

A piefoted embodimeat of Ifae disclosed composidons is S'-Zf-Zj-Zj- 
Z,-2;4-3* where all of the nucleotides are either 2*-0-a]lyl-ribonucleodde8 or 
2*-0-meihy]-nbonucleotides cxcqK for positions X* X*, X*, X*. X", X"*' 
which aie ribonucleotides unmodifkd at die 2' position (W = OH). 

Another preferred embodiment of the disclosed compositioiu is 5'-Z|* 
Zj-ZrZrZi-B' where aU of the nucleotides are either 2*-0-allyl- 
ribMucleotidcs or 2'«0-methyl-ribonucleotides except for positions X^, X*, 
X\ X", X"-^ which are ribonucleotides unmodified at the 2* position (W » 
OH). 

Another pr e ferre d embodiment of the disclosed compositions is a 
cootpoaition made up of components (a) and (b) as described above where 
«a p po «nt (a) is S'-Zg-Z^-Zi -3' and componem (b) is 5*-ZrZ,-Z4-3\ where 
all of the nncleotides are eidier 2'-0-aUy]-rib(mucleotides or 2'-0-metl^l- 
ribomic leo tides exc^ for positions X*, X*, X*, X*, X*\ X"** which are 
ribonucleotides unmpdified at the 2* position (W ".OH). 

Another preferred embodiment of die disclosed con^ositioos is a 
cooqxttidon made up of components (a) and (b) as described above where 
conqxmcnt (a) is S'-Zj-Zj-Z^ -3* and component (b) is 5*-ZrZj-Z|-3\ where 
all of the nucleotides are either 2'-0-aliyl-cibonucleotides or 2'-0-metl^l- 
ribonudeotides excqit for positions X*. X*, X", X^^ X"-* which are 
rib on ucle ot ides unmodified at the 2* position (W » OH). 

A prefened form of the disclosed composition is one in which dwre is 
a G added to the 3* end of Z,. Taira anl co-workers (Amontov and Ttelra, X 
AnL Chenu Soc. 118:1624-1628 (1996)) have shown that the stackiz^ energy 
gained ftom a guanosine juxtaposed to of a hammeriiead-'like riboiyme 
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Stabilizes ibe fonnadon of a catalytic stiucture. Thus, it is prcftncd that the 
5* nucleotide of Z« is G. 

The 3* end of the disclosed compositions can be protected against 
d^gnulation by exonocleases by, for exanq^le, usii^ a m^fflftfttidf ttnn\^^^ 
5 that is modified at the 3* position of the ribose sugar (for exan^le* by 

inchiding a substitiited or tmsnbstituted alkyU allooxy, alkenyl, alkenyloxy, al- 
kyoyj or alkynyioxy group as defined above). The disclosed compositions 
can also be stabilized against degradation at the 3* end by exonncleases by 
including a 3*-3'-linked dinudeodde structure (Ottigao ef al., Antisense 

10 Research md DeveU^mem 2: 12M46 (1992)) and/or two modified phospho 
bonds, such as two phosphorothioate brads. 

The disclosed compositions can also be linked to a prosthetic group in 
order to in^ve their ceUuiar iq[)takB and/or to enable a sptaSc celhilar 
localization. Examples of such piosthetic groups are polyasmio acids (for 

15 exan^le, polylysine), lipids, hoimoaes or peptides. These piosthetic groups 
are usually linked via the 3* or S* end of the oligomer eidier directly or by 
means of suitable linken (for example, Unken based on 6-8minohexan£4 or 
6-mercaprohfsxanol), These linkers are cmnmerdally available and 
tBchnlgnrs suitable for linking prosthetic groups to the oligomer are known to 

20 a peison skilled in the art 

Incrcasipg the rate of hybridtzation can be hnportant to the biological 
activity of the disclosed compositions since in tiiis way it is possible to 
achieve a higher activity at low concentrations of the oooqposition. This is 
io^xirtaitt for short-lived RNA substrates or RNA siibstiatBS that occur less 

25 often. A substantial acceleration of the hybridization can be achieved by. for 
exaotple, coupliqg positively charged peptkles (containix^. for example, 
several lysine residues) to the end of an oligonucleotide (Corey J. Am, Chenu 
Soc» 117:9373-9374 (1995)). The disclosed compositions can be siixq)ly 
modified in this manner using the linkers described above. Alternatively, the 

30 rate of hybridization can also be increased by incorporation of subunits which 
contain spetminyl residues (Schmid and Behr, Tanhedron Lett. 36:1447- 
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1450 (1995)), Such modificatioiis of the disclosed cQmpositions also nsprove 
the ability to bind to RNA substrates having sccondaiy structures, 
^fnthcsis of OUgoBMn 

The disclosed composidons can be synthesized using any suitable 

5 method. Nfany synthesis medxids are known. The following techniques are 
prefened for ^ntfaesis of the disclosed compositions. 2*-0-AUyl modi&d 
otigomen that contain residual purine ribonucleotides, and bearing a suitable 
S'-teiminus such as an mvcrted thymidtne residue (Qrtigao et aL, Andsense 
Research and Development 2:129-146 (1992)) or two pho^faorothioate 

10 imkages at te 3'-teraiinas to prevent eventual degradation by 3'- 
exomideasest can be syndicsizBd by solid phase /3-cyaaoethyl 
phosphoramidite chemistiy (Smha «f aL, Nuddc Adds Res. 12:4539-4557 
(1984)) on any conuneiciaily avaiUble DNA/RNA synthesizer. A preferred 
method is the 2*-0-/e;T*butyldhnetbylsilyl (TBDMS) protccdon strategy for 

15 the ribonicleoddes (Usman er^, Am. Qum. Soe. 109:7845-7a54 
(1987)), and aU the required S'-O'phosphonmiidirrs are commercially 
available. In addhion, the use of aminometfaylpofys^^iaiB is preferred as the 
support material due to its advantageous properties (McColhun and Andrus 
rernitolrtm Zetim 32:4069^4(r72 (1991)). Fluorescem can be added to die 

20 5*-end of a substrate RNA during the synthesis by ttsug conaneiciaQy 

available fluorescem phosphotamidHes. In general* a deared oligomer can 
be syotheazed nsmg a sUmdard RNA pycle. Upon compledon of the 
assembly, all base labile protectmg groups are renfoved by an 8 boor 
treatment at 55*C widi concentrated aqueous arnmonia/ethanol (3:1 v/v) in a 

25 sealed vial. The etfaanol suppresses premature removal of the 2'-0-TBDMS 
groups whkh would otherwise lead to i^qiredable strand cleavage at die 
resulting ribonucleotide positions under the ba^ conditions of the 
deprotection (Usman a at, J. Am. Chan. Soe. 109:7845-7854 (1987)). 
After lyophilization the TBDMS protected oligcmser is tteated with a mixture 

30 of trietfaylamme trihydnsfluoride/tried)ybunme/N-inetfaylpyrrolidinone for 2 
hours at 60'C to afford Usi and efficient removal of the sil^l protecthig 

groups under neutral conditions (Wincott et oL^ Nucleic Adds Res. 23:2677- 
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2684 (1995))« The fiiily deprotected oligomer can tboi be precipitated with, 
butanol accoiding to the pnxxdme of Cathala and Bmael (Nucleic Adds Res. 
18:201 (1990)). Purification can be performed either by deoaturing 
polyaciyiamide gd electr 



is or by a combination of ion-excbatige 
HPLC (Spioat et aL , Nucleosides and Nucleotides 14:255-273 (1995)) and 
reversed phase HHjC. For use in ceUs» ii is prefencd diat synthesized 
oligmners be converted to dieir sodium salts by precq>itation with sodium 
perchloiite hi acetone. Traces of residual salts are then preferably removed 
using small disposable gel filtralion columns that art commcrciaUy avaihd>le. 
As a fiml step it b preferred that the authentict^ of the isohued oligcHners is 



c hficlrfd by matrix assisted laser desoiption mass ^pectrometiy (Pieks et aL , 
Nucleic Adds Res. 21:3191-3196 (1993)) and by nucleoside base composition 
analysis. In addition, a fonctional cleavage test with die oligomer on the 
corresponding chemically synthesized short oligoribonucleotide substrate is 
also preferred. 

Cleavage of RNA Substrates 

The disdnard compositions have a very high in vivo activity sim the 
RNA cleavage is promoted by protein fiwtoxs that ate present in the nudena 
or cytoplasm of the cell. Exanq)les of such protein ftctors which can 
increase the acttviQr of hammerhead ribozymes are, for example, the 
n n df iora ps i d proiehi NQ>7 of HlVl (MiUler £r al., J. MoL Bitd. 242:422> 
429 (1994)) and the hetero^XKOUS nuclear ribomicleoprotein Al (Heidenreich 
et al., Nudac Adds Res. 23:2223-2228 (1995)). Thus, lopg RNA trBnscrq)t8 
can be cleaved e£&ieotly within the cell by the compositioiis. 

The disclosed conqpositions can be used in pharmaceutical 
con^Kisitions diat contain one or several oligomers as the active substance, 
and, optionaUy, pha rma c eu t i c aUy acceptable auxiliary substances, additives 
and carriers. Such pharmaceutical oompositioDs are suitable for the produc- 
tion of an agent to specificaUy inactivate the expression of genes in eukary- 
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ryoies and viruses, especially of human genes such as tumor genes 
or viral genes or RNA mokcules in a cell. Ftirther areas of application ate 
the inactivation of the expression of plant genes or insect genes. Thus, the 
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disclosed compositions can be used as drugs for humans and nfiimaij^ as wc\jL 
as a pesticide for plants. 

A varieQr of methods arc available for delivering the <»ywl<v?rd 
composidons to cells. For example, in general^ the disclosed conqKuidons 
can be incorporated within or on micraparddes. As used herein, 
miciopardcles inchide liposomes, virosomes. mierps ph ttes and microc^sttles 
formed of syntfaedc and/or natural polymers. Methods for making 
microcapsules and microsf^ierBS are known to those skilled in the art axxl 
include solvent evapontion, solvent casting, aprsy dryiiQ sind solvem 
extension. Examples of useftil polymers which can be incorporated into 
various micropartides inchide polysaccharides, polyanhydrides. 
polyortboesters, polyhydroxkles and proteins and peptides. 

Liposomes can be produced by standard methods such as those 
reported by Kim et al.,Biochinu Biophys. Acta, 728:339-348 (1983); Lm et 
aL^ Biochim. Biopfi^ys. Acta, 1104:95-101 (1992); and Lee 4tf ail , Bioddm. 
Bii^hys. AatL, 1103:185-197 (1992); Wang et aL, Biochan.. 28:9508-9514 
(198S0). Such methods have been used to deliver nucleic add molecules to 
the nucleus and cytoplasm of cells of the MOLT-3 leukemia cell line CThieny 
and Dritsehilo, NueL Acids Res.. 20:5691-5698 (1992)). Alteniatively, the 
disc l osed compositions can be incorpoxated within micraparticles, or bound to 
the outside of the microparticles, either ioxdcally or covalently. 

Cationic liposomes or microcapsules are micrcqnurticles that are 
paiticuhuly useftil for ddivering negatively charged compounds such as the 
disclosed c<Hnpound5, which can bind bnically to the positivdy charged outer 
sur&ce of these liposomes. Various cationic liposomes have previously been 
shown tt> be very effecdve at delivering nudek: ackls or nudek ackl-protein 
complexes to cells both in vitro aixl in viv9, as r e ported by Felgiier a al,^ 
Proc. NatL Acad. ScL USA, 84:7413-7417 (1987); Fdgner, Advanced Drug 
DeUvety Reviews, 5:163-187 (1990); Qarenc ef a/., AnU-Cancer Drag 
Design, 8:81-94 (1993). Cationic liposomes or microcapsules can be 
prepared using mixtures including one or more lipids containing a cationic 

side group in a sufBciem quantity such that the liposomes or microcapsules 
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formed from the mixniic possess a net positive charge which will lonically . 
bind negatively charged conqxnmds. Examples of positively chaiged lipids 
that may be used to produce catioidc Iqiosomes indiide the «*iVi<>t i pi tt 
dioleoy] phosphatidyl cthanolaminc (FE), wbkb possesses a positively 
charged primaxy amino head groop; phosi^iati^ldioline (PQ, which possess 
positively charged head groups diat are not pnmaxy amines; and N[l-C2t3- 
diolcyloxy)pfppylJ-N,N^.triediylammontam ("DOTMA/ see Fdgner a ai., 
Froc. NatL Acad, 5d USA, 84:741^7417 (1987); Fe^ner et al., Nature, 
337:387-388 0989); Wgoet, Ad)mced Drug DOimy JUviews, 5:163-187 
(1990)). 

A piefieired form of mioopaiticle for delivery of the disclostd 
compositions are hem&4)caring micxDputides. In dsese micniparticles. heme 
is intercalated into or covaleotly conjugated to the outer sur&ce of the 







Ml 





they arc preferentially bound and taken up by cells that express the heme 
receptor, such as hepaMyvss. die amount of drug required far an effective 
dose is significantiy reduced. Such targeted tielivery may also reduce 
systemic side effects tiuit can arise from using relatively high drug 
coQceotrations in non-targeted deliveiy methods. Prefened Iquds fw foimmg 



20 heme-bearing xnicroparticles are l,2-dioleoyloxy-3-<tiimetiiy 



i) 



propane (DOTAP) and dioleoyl plioq)hatidyl etiumolaminB (DOPE). The 
production and use of heme-bearxng micropartides are described in PCT 
application WO 95/27480 by Innovir. 

The disclosed con^sitions can also be encapsulated by or coated on 
cationic liposomes which can be mjected ixttnvenously into a mammal. This 



system has been used to introduce DNA into tlie cells of mnltiple tissues of 
adult mice, inchiding endodielium and bone marrow, wtaere hematopoietic 
cells reside (see. for example, Zfau ef a/.. Science. 261:209*211 (1993)). 

Liposomes containing the dfiscloscrt compositions can be administered 
systemically, fDr exanq>le, by intravenous or intraperitoneal administration, in 
an amount effective tor delivery of the disclosed cosq)ositions to targeted 
cells. Other possible routes include trans-dennal or oral, whea used m 
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conjunction with a^ipropriate microparticles. Generally, the total amount of 
the Ivosome-flssodated oUgosner administered to an individual will be less 
than Che amount of theunassociated oligomer that must be administered for 
the same desired or inteuied eftet 

■ 

Compositions includmg various polymers such as the polylactic acid 
vid polygiycolic add oopolymen, polyethylene, and polyordioesteis wl the 
disclosed conq>osittons can be delivered locally to the approiniate ceils by 
using a cadieter or syringe. Other means of delivering such compositions 
locally to cells inchide ustiig inflision pumps (for estample, from Alza 
Corporation, Palo Alto, California) or incorporating the composidons into 
potymeiic inqslams (see, fixr example, Johnson azxl Uoyd-Jones. eds.. Drug 
Delivery Systems (Chichester. England: EUis Horwood Ltd.. 1987). which 
can effect a snstainrd release of the thcnqseudc conqmitiQns to the 
immediate area of the implant 

For tberqKUtic applications dK active substance is prefenbly 
administered at a conoentradon of 0.01 to 10,000 |tg/kg body weight, more 
prefoaUy of 0.1 to 1000 /ig/]cg body weight The administration can, for 
cxanqile, be carried out 1^ inje^n, inhalation (for example aa an aerosol), 
as a spray, orally (for example as tabletB, oq^sules. coated tablets etc.), 
topically or lectally (for example as suppositories). 

The disclosed compositions can be used in a method for dte specific 
inactivatioQ of the expresnon of genes in which an active concentration of the 
composition is taken up into a cell so that the composxdon specifically cleaves 
a predetermined RNA molecule which is present In the cell, the cleavage 
preferably occorriqg cataiytically. Similar compositions, which are described 
in U.S. Patent No. 5.334,711, have been used suocessfoUy in mice to 

m 

inacdvate a gene (Lyngstadaas a al.. EMBO J. 14:5224-5229 (1995)). This 
process can be carried out in vim on cell cultures as well as in vivo on living 
organisms (prokaiyotes or eukaryotes such aa humans, animals or plants). 

The disclosed compositions can also be used as RNA restriction 
exaywts to cleave RNA nvlecules (in, for example* cell free Ir vAio 
reactions). The disclosed compositions can also be used In a reagent Icit for 
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the restriction cleavage of RNA molecules which comatzu, for example, ao . 
ollgoiner and suitable tmfTer sobstaoces. In this case die oligomer and the 
bu^ substances can be present in the form of solutions, suspensions or 
solids such as powders or lyoiOlDisates. The reagents can be present 
5 together* separated from one aootbcr or qptionaily also oo a suitable carrier. 
The disclosed compositions can also be used as a dingnftttic agent or to 
identify d>e function of unknown gexKS. 

The present inventkm will be further understood by reference to the 
following non-limidng examples. 
10 Escamples 

Example 1: Qcarage raictioDS which faidicate that an inoaiiie 
substitution at positioo 15*1 can effectiTely cleave 

A set of 12 substrates was synthesized ^i^iich covered <^h 
IS penmuudonof die N'^***'!!^^ motif where Is not gnanosme. The 
oligomers and the contsponding substrates used In the cleavage assays are 
shown in Table 1. Each of die substrates was labeled with fluorescein at the 
5* end and an invened thymidine cap was used on the 3'-end. A set of four 
cata^rtic oligomers was syndKsized, providing an appropriately matched 
20 catalytic oligomer for each of the substrates. Each of these catalytic 

oligomers had an Inosine at position 15.1. A control substrate and catalytic 
oligomer were also synthesized in which there was a U at position 16.1 of 
die substrate and an A at position 15.1 of the catalytic oligomer. 
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Table 1 




Triplet 


Substrate sequence 




ACC 
ACA 
ACU 


FI-<lAAUACCGOUCGC«T 
F1-GAAUACAGGUCGC*T 
F1-GAAUACUGGUCGC*T 


(SEQ 
(SEQ 


GCC 
GCA 
GCU 


F1-GAAUGCCGGUCGC*T 
Fl-GAAUGCAGGUCGC^ 
FI-GAAUGCUGGUCGC*T 


(SEQ 
(SEQ 
(SEQ 


CCC 
CCA 

ecu 


FI-GAAUCCCGGUCGC*T 
Fl-GAAUCCAGOUCGC^T 
FI-GAAUCCUGGUCGC*T 


(SEQ 
(SEQ 
(SBQ 


UCC 
UCA 
UCU 


F1-GAAUUCCGGUCGC*T 
F1-GAAUUCAGGUCGC*T 
F1-GAAUUCUGGUCGC*T 


(SEQ 
(SEQ 
(SEQ 


GUC 


F1-GAAUGUCGGUCGC*T 


(SEQ 



Tarseted 
triplet 

AGH 
GCH 
CCH 
UCH 



Catalytic oUgomer sequence 

gcgacccuGAuGaggccgugaggccOaaT«m»c<T 
gcgacccuGAuGaggccgogaggocGaiTc«iuc*T 
gcgaccoxGAuGaggccgugaggccGaalgauuc^ 
gcgtcccuGAuGftfisccgttsagsccCaiIaBuuc*T 



(SEQIDNChlT) 
(SEQIDN0:18) 
(^ 2D NO: 19) 
(SEQ ID NO:20) 



GUC gcgacccuGAuG&ggccgugaggccGaaAcauucn' (SEQIDN0:21) 

Fl s Fluorescein label 

•T « 3'-3* inveitBd thymidine 

A, C. G» I. U "> ribonucleotides (I is inoasie) 

At c, g» u » 2*-0-altyl-ribonucleotide8 

Xbe above substrates and catalytic oUgomeis were used ta cleavage 
reactions to detcxmine the ability of an inosine at position 15.1 to overcome 
.the requirement of a U at position 16.1 for cleavage. All of the reactions 
were pcrfonned using the following protocol. The reactions were typically 
done in 100 Ml 9nd they contahied disdlled, autodaved HjO, 10 mM MgQ}. 
10 mM Tris-HCl pH 7.4» 5 ribo:gnne« and 0.25 substrate. The 
catalytic oligomer, substrate, and buffer were added togedier and heated to 
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95'C for 5 minutes. After cooling to lOom ten^enture over 5 minutes the 
reactioiis wexe brought to 10 mM MgOz • mixed, and placed at 37*C. 10 
mL aliquots were removed at specific time intervals (10» 30. 60» and 120 
mimites) and added to 3 |il of loading buffer (95% fonnamide, 100 mM 
5 EDTA pH 8.0, 0.05% bromophenol blue) to quench the leaction. Sauries 
were analyzed by 20% polyaciylamide gd eiectropbo^ Gels were 
analyzed on a Molecular Dynamics Ftuoiescence Imager* The results of 
cleavage reacdons of tMs ^pe. usipg the substrates iixi catalytic ol^omers 
shown in Table 1, are shown in Table 2. 
10 TaUeZ 

N^N^H" After 

Triplet nobdng 10 30 60 120 

15 Caia^ftic oligomer 

ACC 4.4 28.2 58.1 91.5 91.5 

ACA 7.7 71.8 84.7 93.1 94.8 

ACU L8 58.7 70.5 



20 



r" Catalytic oligomer 



GCC 1.62 39.6 59.9 82.0 87.0 

GCA 13.7 65.3 78.7 89.7 93.1 

25 GCU - 64.3 74.8 

I" " G"-^ Catalytic oligomer 

CCC - 34.33 45.38 

30 CCA 1.1 18.8 45.5 70.8 80.63 

ecu 2.0 28.4 36.7 

IIS.I ^ua Catalytic oUgomer 

35 UCC • 6.8 57.0 64.7 

UCA 1.6 39.6 60.8 

UCU 3.3 41,1 53.1 
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^15.1 Qua Catalytic oligomer 

GUC 1.6 38.5 66.5 93.5 
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The numben represent the perceotage of substrate cleaved at the 
indicated time point (which were at 0, 10, 30, 60. and 120 minotes aAer 
starting the reacdon). The results indicate that substntes with a C at position 
16.1 are able to be cleaved by catalytic oligoxDcrs containing an I at position 
15.1. While there aie differences between the various substrates at the 120 
oiinote time point, the data show that a substrate with a C at posidon 16.1 in 
conjunction widi a catalytic oligomer with an I at position 15.1 is able to 
effectively cleave in all backgnmnds, mrfipftting that the substitution of an I at 
positiofi 15.1 does in fiact allow for the cleavage of any appropriate substrate 
containhig a N^^^^^H" site. 

Iidtial rates of cleavage of the twelve substrates having C'**', and the 
control substrate having U'^^ by the corresponding catalytic oligomers (all 
shown in Table 1} were detennined uring single turnover kinetics. Siqgle 
turnover kinetics weie assessed by miztog 2.5 jtl of a 100 $M ribo^me 
solution. 2.5 /d of a 10 fM solution of 5* fluorescein labeled substrate, and 
10 fil of a 100 mM Tris-HCl pH 7.4 sohition. The mixmre was dilated to a 
finai vohmse of 90 Mi» heated to 95*C for 5 minutes, and cooled to 37*C. 
The reaction was started by adding 10 Ml of a 100 mMlfgOsSolntiott. The 
final concentrations of die reaction compo n ents were 250 nM substrate, 2.5 
Itmol ribq^rme, and 10 mM MgClj. Ten microliter samples were removed 
at various times and mixed with 10 ^1 of a 100 mM EDTA, bromphenol blue 
solution to stop the reaction. Cleavage products were separated fhrai 
unreacted substrate by PAGE and were quantitatBd on a Molecular Pynamics 
Fhiorescence Imager. 

The data» measured in fraction of substrate cleaved versus time* were 
fitted to the equatiim: 

firacIPl = Hfl(l-e*"^/So 
as described by Jankowsky and Schwenzer. l^uel. Acids Res. 24:433 (1996). 
The caiculatrrt values of for the various ribo^mes are shown in Table 3. 
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Tables 

Triplet 

gcpcccuGAuGaggocgugaggccGaaluauiic^T (5EQIDNO:17) 

kt (min'O Substrate sequence 

ACX: 0.07 F1-GAAUACCGGUCGC*T (S£Q ID N0:4) 

ACA 0,36 Pl-GAAUACAGGUCGCrr (S£Q ID KO:5) 

ACU 0.026 F1-GAAUACUGGUCGC*T (SEQ ID N0:6) 

10 

gcgacccuGAuGaggccgugaggccGaaIcaiiuc*T (SEQ ID NO: 18) 

(xnin'') Substrate seqneiice 

GCX: 0.12 FI-GAAUGCCGGUCXX:*T (SEQIDNO:?) 

15 GCA 0.48 F1-GAAUGCAGGU£X3C*T (SEQIDNO:8) 

ecu 0.05 F1-GAAUGCUGGUCGC*T (SEQIDN0:9) 

gCgacccuGAuGaggccgugaggccGaaTgauuc*T (SEQ ID NO; 19) 

20 ]C| (murO Substrate sequence 

CCC < 0.01 F1^AAUCCCX3GUC(5C*T (SEQ ID NO: 10) 

CCA 0.04 F1-GAAUCCAGGUCGC*T (SEQ ID NO: 1 1) 

ecu <0.01 F1-GAAUCCUGGUCGC«T (SEQ ID N0:12) 

25 gcgioocoGABGaggccgugaggocGaaIaaixuc*T (5BQIDNO:20) 

^2 (min'O Substrate sequence 

UCC <0.01 Fl-GAAUUCCGGUCXSCn* (SEQ ID N0:13) 

UCA <0.01 H-GAAUUCAGGUCGC*T (SEQ ID N0:14) 

30 UCU <0.01 FlrOAAUU(7[X3GUCGCn*(SEQIDNO:15) 

gcggcccuGAaGnggocgupggccGaaAcauuc^ (SEQ ID N0:21) 



kt (minr^) Substrate sgqumicc 

35 GUC 0.13 F1*GAAUOUCOGUCGC*T (SEQ ID Np:lQ 

Fl » Ruorescein labd 
«T a 3*-3' Inverted thymidine 
A» C G. I. U a ribonucleotHlea d is inosioe) 
40 a, c, g, u » 2*<0-allyl-nboaudeotides 

The resulu show that substrates with A»"C»*-*H" and G»*^'*^*H" 
tr^lets are cleaved at a high rate. Comparison to die control catalytic 
oligomer haviqg an A at position 15.1 (to cleave a substrate widi a 
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Qt«JUi«.iQi7 f^ict) shows that substrates with A'"C"-*A" and G'^C^^A^^ 
triplets (to be dearved by a catalytic oligomer with an I at position 15.1) have 
an initial rate of cleavage that is higher than the correspondiz^ contiol 
leaciiotts involving itactants with a standaid A^***U^' base pair. 
Example 2: Rate of deavageat GCH and ACH triplets by catalytic 
oUgomers containing only ribonndeottdcs 

Cleavage of substiate RNA by all-ribonucleotide versions of oligomers 
(no modifications) designed to cleave GCH and ACH triplets was assessed. 
The oligomen nsed were SEQ ID N0:17 (cleaves after ACH triplets) (Table 
1) and SEQ ID NO:18 (cleaves after GCH trii^ets) CTable 1). The 
coneqponding short fluorescent labelled substrates, SEQ ID N0S:4, 5, snd 6 
(containing ACH triplets) (Table 1) and SEQ ID N0S:7« 8, aai 9 (containing 
CiC^H triplets) (Table 1) were used with catalytic oligomers SEQ ID N0:17 
and SEQ ID N0:18 respectively. 

The reactions were perfonned under single-turnover kinetic 
conditioDS, using 2.5 ^aM catalytic oligomer and 250 uM substrate, bodi at 
pH 6.0 in tiie presence of 10 mM Mg*^ and also at pH 7.4 in the pieseoce of 
ImMMg^^, AH other reaction conditions were u in Example 1. 

The data were analyzed as in Example i. Hie values for ^ 6 
combinatioiis of all-ribonncleottde catalytic oligomer and corresponding 
substrates are shown in Table 4. 

T^4 

k3(min)-' 

Tr^let pH 6.0; 10 mM Uf* pH 7.4; I mM Mg>^ 



GCA 
GCC 
GCU 



0.39 
0.18 
0.03 



2.32 
2.03 
0.10 



30 



ACA 
ACC 
ACU 



0.41 
0.17 
0.02 



1.12 
0.71 
0.06 



The all ribonucleotide oligomers targeting GCA^ C!CC, ACA, and ACC sites 
35 have a hi^ier rate of cleavage than the all ribonucleotide oligomers targeting 
GCU or ACU sites. Forthcnnore, Table 4 indicates the cleavage activity is 
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HAMMERHEAD RSQZYMES WnH OEAV AGE RULE 

Backgnmnd of the Invention 
The present mveodon is in the field of compositions having RNA- 
cleavage activity* 

5 Hammerhrad ribo^mes are an example of catalytic RNA molecules 

which aie able to xecognize and cleave a given specific RNA substrate 
(Hotdiins et al.. Nudeic Adds Res. 14:3627 (1986); Keese and Symons, in 
yinrids and vMd - -ttte pathogens (JJ. SemanchOc, piibt.» CRC-Press, Boca 
Raton« Florida. 19S7). pages 1-47). The catalytic center of hammerhead 

10 riboseymes Is flanked by three stems and can be formed by adjacent sequence 
regions of the RNA or also by regions which are sqarated from one another 
by nuny nucleotides. Figure 1 shows a diagram of such a catalyticaHy active 
hammerhead structure. The stems have been denoted !• II asvi HI. The 
nucleotides arc numbered according to the standard nomenclature for 

15 hammerhead ribozymes (Hcrtel er al., Nudeic Adds Ees. 20:3252 (1992)). 
In this nomenclature, bases are denoted by a number which relates tilieir 
position relative to the 5* side of the cleavage site. Purthennore, each base 
that is mvolved in a stem or loop region has an additional designation (which 
Is denoted by a decimal point and then another number) that defines the 

20 position of that base witlun the stem or loop. A designation of N"-^ would 
indicate that this base is Involved In a paired region and that it is the third 
base in that stem going away from the core region. This accqited 
convention for describing hammerhe ad derived ribozyines allows for the 
mirleofides involved In the core of the ena^me to always have the same 

25 number retotive to all of the other nucleotides. The size of the stems 

Involved in substrate bindipg or core formation can be any size aud of ai^ 
se qu ence, and tlx position of A\ for example, will remain the same relative 
to all of the other core mideorides. Nucleotides designated, for example, 
N^^ or N^ represent an inserted nucleotide 'Tttam the position of the caret 

30 C) relative to the number denotes wfaetfier the insertion is befixre or after the 

indicated mideotide. llius» N""" iqaesents a micleotide ioseited before 



1 



mideotide position 12, and lepieseats a nucleotide inserted after 
nucleotide position 9. 

The consensus sequence of fiie catalytic core stnicture is descrfted by 
Ruffiier and Uhlenbeck {NuddcAddi Bes. 18:6Q25-6029 (1990)). Pezziman 
er al. (Gene 113:157-163 (1992)) have meanwhile shown that this structuie 
can also contain variations, for r^ymplr, natural^ ocemrtf^ tmgf^ ^fe 
insertions such as and N^"^. Tfans, the positive strand of the satellite 
RN A of the tobacco ring-q;)ot vims does not contain aqy of the two 
nudeotide insertions while the -hRN A sQiod of the virusoid of the hiceme 
transleot streak virus (vLTSV) comains a « U hnettion which can be 
mutated to C or G without loss of activily (Sl^ldon and Symons, AkM;/eic 
Adds Res. 17:5679-3685 (1989)). Ptattbemiore, in thb special case, « A 
and R^^ « A. On the other hand, tbc minus snand of carnation stum 
associated viroid (- CarSV) b quite unusual since it comains both nucleotide 
insertions, thatis N^>^ » AandN^ » C (Hernandez a at.. NudeieAdds 
Rts. 20;6323^9 (1992)). In diis virokl « A avl R>^-> - A. In 
addition, this special hammerhead structure exhibits a very effective self* 
catalytic cleavage despite the more open central stem. 

Possible uses of hammntod iflMX^mes inchide, for example, 
generation of RNA resniction emymes and the specific hactivation of the 
expression of genes in, for exanq>k, animal, human or plant cdls and 
prokaryotcs, yeasts and plasmodia> A particular biomedical interest is based 
on the fact that many diseases, Inchiding maiiy fotms of tumors, are related 
to the overejqiression of specific genes. Inactivating such genes by deavmg 
the assochued mRN A represencs a possible way to control and eventually 
treat such diseases. Moreover there is a great need to develop antiviral, 
antibacterial, and antifimgal pbarmsoeutical agents. Riboaymes have 
potential as such anti-infective agents since RNA molecules vital to the 

survival of the organism can be selectively destroyed. 

One of the greatest fn i p ct limrntt to usii^ hanamerhead based 
ribozymes for pharmaceutical agents is the limited availability of accq)table 
targets in normal Gerlach designs and when targeting prc-formed half 



hanunediead stxuctiires (see WO 97/18312). In addition to Deeding the 
conea hybridiziag sequences for substrate binding, substrates for 
hammahcad nbozymes have been shown to strongly prefer die triplet . 
N^^'H" where N can be any nucleotide, U is widtne. and H is eidier 
adenosine, cyddine, or uridine; QCoizumi et oL^ FEES Lett. 228. 22S-230 
(1988); Ruffoer et aL. Biochemistry 79, 10695-107Q2 (199(9: feiinan et 
al.. Gene 113, 157-163 (1992)). The fxt that chaqges to this general mie 
for substrate specificity result in non-fimctiona] substrates implies that there 
are "non core compatible* structures which are formed when substrates are 
pnivided wfajtoh deviate torn the stated feqairoseots. Evidence along dieae 
lines was recently reported by XJblenbeck and co-wocken (jBiochemistry 
36:1108-1114 (1997)) when they demonstrated that the substimtion of a G at 
position 17 cansed a functionally catastrophic base pair between G" and C to 
fonn, both preventing the correa orientation of the sdssile bond for cleavage 
and the needed tertiary interactions of C (Mnrray ei oL^ JKodtenu J, 
311:487-494 (1995)). The strong preference for a U a position 16.1 may 
exist for similar reasons. Many experiments have been done in an attempt to 
isoUte ribozymes which are able to efficiently relieve the lequrement of a U 
at posidon 16.1, however, attempts to find bammerfiead type riboEymes 
which can cleave subsn:atBs having a base other than a U at position 16.1 
have proven hxqwssible (Pertiman et of.. Gene 113, 157-163 (1992)). 

Efficient catalytic molecoles with reduced or altered requirements in 
the cleavage region are lufi^y desirable because dieir isolation would greatly 
increase the number of available target sequences that molecules of this ^pe 
could cleave. For example, it would be desirable to have a ribozyme variant 
that could efficiently cleave substrates containiiig triplets other than 
{^t«^M.i||i7 gio^ ^ would increase the number of potential target cleavage 
sites. 

Chemically modified oligonucleotides which contain a block of 

deoxyziboimcleotides m the middle region of the molecule have potential as 
pharmacciTtical agents for the specific iiuictivatian of the esqnession of genes 
(Giles a aL^ Niteieie Adds Res. 20:763-770 (1992)). These oligonucleotides 



wo 98^8058 



rCT/US98a2663 



can fonn a hybrid DNA*RNA duplex in which the DNA bound RNA stnmd 
is degiadcd by RNase H. Such oligonucleotides are considered to promote 
cleavage of the RNA and so cannot be characterized as having an RNA- 
cleaving activity nor as cleaving an RNA molecok (the RNase H is 
5 cleaving). A significant disadvantage of these oligonucleotides for in vivo 
applications is their low specificity, since hybrid formation, and thus 
cleavage, can also take place at undesbed positions on die RNA molecuies. 

Fttvious attenq^ts to recombinantiy express cataiytically active RNA 
molecules in the ceil by transfecting the cell widi an appropriate gene have 

10 not proven to be very efifective since a very high nqnession was necessary to 
inactivBte specific RNA substrates. In addition the vector systems which are 
available now cannot generally be af^lied. Fuithennore, unmodified 
ribozymes camMft be admiiristered direcdy due to the sensitiviiy of RNA to 
degradation by RNases and ttieir interaetioins with proteins. Thus, chemically 

15 mndtfiH active imb?faiK^ have to be used in order to administer 

hammeriiead ribozymes exogenousJy (discussed, for example, by Heidenreicb 
€t id., J. BM. Chan. 269:2131-2138 (1994); Kiefantopf er a/.. EmO J, 
13:4645-4652 (1994); Paolella et al., EMBO /. 11:1913-1919 (1992); and 
Usman ef al., Nuclae Adds Sm^^ Sar. 31:163-164 (1994)). 

20 U.S. Pat« No. 5334,711 describes such chemically modified active 

"'Mflnctff based on synthetic catalytic oligonucleotide structures with a 
length of 35 to 40 nucleotides wtuch are suitable for cleaviqg a nucleic add 
target sequence and contain modified nucleotides that contain an opdonaily 
substituted aH^l, alkenyi or all^yl group with 1-10 carbon atoms at die 

25 2*-0 atom of the ribose. These oligonudeoddes contain modified nuci eo dde 
boildiog blodca and form a structure resembling a hammeriiBad structure. 
Hiesc oligonucleotides are able to ckave specific RNA substrates. 

The use of a large number of deoxyribonudeotides in the 
hybridization arms or in the active center can lead to a loss of q)cdficiqr due 

30 to an activation of RNase H since sequences which are related to the dedred 
target sequence can also be cleaved. Moreover, catalytic DNA oligomers are 
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not paiticularty well suited for in vivo applications due to interactions with . 
proteins, and tack of resistance to degradatkm by inetgasffs. 

It is tbetefore an object of the present invention to provide 
conqpositioxB diat cleave RN A, and in particular to provide RNA-deaving 
5 {digomers which at the same time have a high stabili^, activi^» arxl 

It is anotlier object of the present invention to provide compositions 
that deave RN A substrates having a cleavage site trqiiet other than 

10 Snmmairy of the Invention 

Disclosed are composidons having an RNA-deavage activiQr, as well 
as tbehr use for cleaving RNA substrates in vitro and in vivo. The 
coo^ositioiis contain an active center, the sulniniti of which are selected 
finom nucleotides and/or nucleotide analogues, as well as flanking regions 

15 contributing to die formation of a specific bybiidizadon with an RNA 
substrate. Preferred compositions form, in combination with an RNA 
substrate* a structure lesembliog a hammerhead structure. The acdn/e 
of the disclosed conqpositions is characterized by the presence of I"*' which 
allowa cleavage of RNA substrates havioig C'^^ 

20 Brief I)esaiption of the Drawfaigs 

Figure 1 is a diagrtm of a hanomethead structure and the 
corresponding Domenciattire(S£Q ID NO: 1). Cleavage occurs between H" 
and N**' to getsrate die 2\3 '-cyclic pbosphate at 

Figure 2 is a diagram of an RNA substrate (SEQ ID N0:3) in 

25 association widi an example of an oligomer (SEQ ID N0:2) dot cleaves die 
RNA substrate. The structure formed by the oligomer and the substrate 

m 

resembles the structure of a hammerhead ribo^me. In this case, the 
substrate makes up half of stems I and m* atxl loops I and m are not 

psGsoL Cleavage occins 3' of W\ 

30 Figure 3 is a diagram showing the mteraction of the A^ '-U^' base 

pahr In hammediead ribozymes (top), and the predicted isostnictural 
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interacdoii of a I^^'^-C^'-^ base pair (bottom) that replaces the A^^'^-U^^^ base, 
pair* 

Figure 4 A is a grapli of fraction of cleavage product versus time (in 
minutes) for the cleavage of a sbort 5 *fhioresoeia labelled 
5 otigoribomicleotide substrate (SBQ ID N0:8) coniaini&g a GCA site by fbur 
variants of 2'-0-aUyIated ^-ribo catalytic oligomers each containiog a 
diffeienc nucleobase at position >P (U, C, A and G; SEQ ID N0S:18, 22» 
23. and 24, reqsectivety). 

Figure 4B is a gr^h of taction of cleavage product versus time (in 

10 minutes) for tfae cleavage of a short i'-finorescein labelled 

oligoribonucleotide subsoate of SEQ ID NO:B containiog a GCA site by four 
variants of 2*-()-allylated 5-ribo catalytic oiigomets each contaimng a 
differem nucleobase or base analogue at position N' (U. S-nitroindole, I. and 
qttinazoline-2, 4-dioiiB; SEQ ID N0S:18, 27, 25, and 26. re8t»cdvely). 

15 Detailed Dcscriptioa of tlie famntifn 

Disclosed are compositions having an RNA-deavage acthrity. as well 
as their use for cleaving KNA-substrates in visro and in vivo. The 
compositions contain an active center, the subunits of which are selected 
from nudeocides and/or micleofide anabguesi as well as flanking regions 

20 contributing to tbc forxration of a specific hybridization with an RN A 
substrate. Preferred compositions form, in conibination with an RNA 
substrate, a stnicture resembling a hammer head structure. The active ceiuer 
of the discloKd compositions is characterized by the presence of I*^'^ vdudi 
allows cleavage of RNA substrates haviqg C'^^ 

25 All natDial^ occurring hammeihead libooEymes have an A'^'-IT**' 

base pair. In addition, it is known that substrates for ribo^mes based on 
the consensus hammeriiead sequence stroQgly prefo a substrate that contains 

' • an N**%'^*H" triplet in which H" is iiot a gnanositte ^izumi er 

Lett. 228, ^230 (1988); Ruf&er et al. Biochemistry 29, 10695-10702 

30 (1990); Perriman er oL. Gene 113. 157-163 (1992)). Many esq^eriments have 
been done in an attempt to isolate ribozymes which are able to efficiently 
relieve the requirement of a U at positkm 16.1, however, attempts to find 
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ribozymes ^Kdiich can cleave substrates having a base other than a U at 
position 16.1 have {noven impossible (Peniman a al.^ Gene 113, 157*163 
1992» Singh et al.^ Antisense and Hudde Add Drug Development 6: 165-168 
(1996)). 

5 However, exainisation of the lecenily published X-ray crystal 

sttuctiires (Pley et aL. Nature 372:68-74 (1994)» Scoit et al.^ Cell 81:991- 
10Q2 (1995). and Scott et al.. Science 274:2065-2069 (1996)) led to the 
realization that the A^''*U^' httcractiim is a non-standard base pair with a 
single hydrogen bond between the exocydic annne (N6) of the adenosine and 

10 the 4k)xo group of the uridine. Modeling studies (based on the crystal 

souctuie) then led to the discovery thai the intcractkm of die wild-type A*^-'- 
U'^' base pair can be spatially mhninkrd by rq^laccment widi an * 
base pak that adopts an isostnictuial orientation and winch pieserves tlie 
required contact of the 2-keto group of C^^' widi A* of the uridine turn. In 

15 the model, the polari^ of the stabilizing hydrogen bond between positions 
15.1 and 16.1 is reversed in the i"->^^ interaction, but die correa 
oriemation of the bases around this bond is maintataed. 

It has been discovered that Geriach type ribozyme analogues 
containing an mosine at positioii 15.1 readily cleave RNA substrates 

20 containing an N^^^%" triplet Based on this, disclosed are compositions, 
preferably symbetic oligotners, which cleave a nucleic acid target sequence 
containing the triplet N'^C^'H". It is preferred that is not guanosme. 
The ability to cleave substrates having N^^^^^X'^ triplets effectively doubles 
the number of targets available for cleavage by compositions of die 9pe 

25 disclosed. ' 

Compositions Haring an RNA-deavage Activity 

Specifically disclosed is a composition that cleaves an RNA substrate, 

' ' where the composition inchides components (a) and (b), ^^lere component (a) 
includes a structure 5'-Zi-2^-3' aixl component (b) includes a structure 

30 S'*Z}-Zr3\ QHiq)oneDts (a) anl (b) can either be seimte molecniln 

be covalendy coupled. Elements Z| and ^ m components (a) and (b) are 
each oligomeric scquciccs which are made up of nucleotideSi nucleotide 
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15 



analogues, or a CQmbmatlon of both, or axe oligonucleotide analogues. The 
oligomeric seq u ences of elements Z| and Z4 specifically interact with the 
RNA substrate, prefecably by l^faridization. 

In diese preferred conq)OsitiOQS» element has a structure of 
5 -)PX*XVXWX?.3\ or 

and element Zg has a stxnctuie of 

5'.X»^X"X'*X"-*-3\ or 

Elements and in tliese preferred conapositions arp made up of 
nucleotides, micieodde analogues, or a combination of both. The nucleotides 
and nucleotide analogues in elements Z, and Zj each have the structure 




0) 



20 In strucure (I) each B can be ademiH9-yl, cytosin-l-yl, guanin-9-y), 

uracil-l-yl, uracil-5-yl, bypoxamhin-9-yI, thymin-I-yl. 5-niethylcytosiR-l-yi, 
2,6^ianuiiapurin-9-yl, purin-9-yl. 7-deazaadeniii-9-yl, 7-deazaguaniii-9-yl, 5- 
propynylcytosin-l-yl, 5-pn>pynyhuacil-l-yl, isoguanhi-9-yU 2-aniinopurin-9- 
yl, 6-methyluracil*l'yl. 4-thiouraciM-yl. 2-pyriniidone-l-y], quinazoline*2,4- 

25 dione-l-yi, xanthm-9-y]. N^-<iimethylguanis-9-yl or a functional equivalent 
thereof; 

Each V can be an O, S, NH, or CHt groiq>. 

Each W can be -H. ^H. -CCX)H. -CONH3, -CONHR', -CONR»R», 
-NHj. -NHR\ -NR»R^ -NHCOR', -SH, SR\ -F, -ONH,, -ONHR», - 
30 ONR'R^ -NHOH. •NHOR^ -hOl^OH, -NRK>K\ aihsthuted or unsubstitutcd 
C|-C„ straight chain or branched allcyl, substituted or unsubstitutcd Ci-C,a 
straight chain or branched alkeoyl, substituted or unsubstimted C^^Cfo straight 

8 
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20 



25 



30 



chain or branched alkynyl. substituted or imsubstitiued C|-Cio straight chain 
or bnmched aikoxy, substituted or unsiibstitiiled Ci^Iio straight ^bftm or 
branched aUceqyioxy, and substituted or unsubstioited CyC^ straight eham or 
branched alkynyloxy. The sabstttueott for W groups are independently 
halogen* cyano» amino, carboxy, ester, ether, carfooxamide, hydroxy, or 
meicaplo. R' and can be substituted or unsubstituted alkyl, ilVftnyl. or 
BUkynyi groups, where die substituents are indqiendentfy halogen, cyano, 
amino, carboxy, ester, ^her, carboxamide, liydroxy, or nncapto. 

p and E are residues which together form a phosphodiester or 
pbo^)borothioate diester bond between adjacent iwirp^i^^ps or tm^i^j rid g 
analogues or together form an analogue of an interaucleosidte bond. 

B is hypoxanthin-9-yl, or a functional equivalent thereof, in X^'; B 
can be guanin-^-yl, hypoxanduii-9-yl or 7-deazagaanfai-9-yl in X', X*, and 
X"; B can be adenin-9-yl, 2,6-diaminqnffin-9-yI, purm-9-yl or 7-dea2aa- 
denm-9-yl in X*. X», X", and X"; B can be uracil-l-yl, uracil-5-yl, thymin- 
1-yI or 5-pnypynyhiracil-l-yl in X*; B can be ^tosin»l-yl, 5-aiethylcyt08in- 
1-yl or 5-propynylcytosin-l-yI in X^ and B can be adcnin-9-yl, cytosin-l-yl, 
gttaniit9-yl, orKil-l-yl, uracil-5-yl, hypoxanOdn-^-yl, thymin-l-yl, 5- 
mediylcytosln-l-yU 2,6-diaminopurin-9-yl, parin-9-yl, 7-deazaadenia-S^yl, 7- 
deazagnaniii-9-yl, 5-propynylcytosin-l-yl, 5-istopyi9hiracil-l-yl, isoguamn-9- 
yl, 2-amiix>purin-9-yl, 6-methyluncil-l*yl, 4-thiouracil-l-yl, 2-pyrimidone-l- 
yl, quinazoline-2,4-dbne-l-yl, xanthin-9-y], N^!mediylguanhi-9-yt, or a 
functional equivalent tiiereof in X\ X^, and X^". B of X^> is preferably 
hypoxantbiii-9-yl or an analog where no hydrogen band can form between 
any group at the 2 position of the base and the 2-oxo group of O^ K 
Prefbnbly, B Is not guanhi-9-yl in X***^. 

B in X*, X*. X*. X*, X«, X», X« X«, and X»* can also be a 
fttnctionally equivalent nucleobase within the context of the catalytic core of a 
hammerhead ribo^me. For example, U*, and m hammerhead 

ribozymes foim a stniduie closdy cesembling a uridine turn in a tRNA (Fley 

et ai.^ Naiure 372:68-74 1994). Other groups of nucleotides can also form 
tuidine tuins and so nucleotides X\ X^, X^, X^ may be rq)lac6d as a gioup 
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with nucleotides or nucleotide analogues that have the potential to form a 
stroctme resembling a uridine turn. Similarly, the sheared base pairs in die 
catalytic core of hanuneifaead riboa^mes have intenctions that may be dmilar 
to interactions of other ndn-canonical base paun. Knowledge of the aystal 
S stnictme of the catalytic core of hammediead ribozymes, comWncd with die 
discovery thai a Gerlach type hanuoeihead ribozyme in wiiich a non- 
canonical base pair has been replaced widi an isostmctund non-canonical base 
pair is active, indicatfs diat analogous isostiuctural base pair icplacenicnts 
duNild be possible elsewhere in the catalytic core. 

10 Definltioiis 

As used herem, oligomer refers to oligcnneric molecules composed of 
suhtinits where the subunits can be of the same class (such as nucleotides) or 
a mixture of dasses (such as nucleotides and ediylene glycol). It la prefened 
that the disclosed oligomers be oligomcric sequences, non-mideotide linkeis, 

15 or a combination of oligomeric sequences and noihnucleodde Ihdcers. It is 
more preferred that the disclosed oligomen be otigomeric sequences, 
Oligomeric sequeices are oligomeric molecules where each of d» subunits 
incfaides a nudeobase (that is, the base portion of a nDckotide or mideotide 
analogue) which can interact with other oligomeric sequences in a bas^- 

20 specific manner. The hybridization of nucleic add strands is a pr e fer red 
example of such base-speciflc interactions. Oligomeric sequences preferably 
are cmnprised of nucleotides, nucleotide analogues, or both, or are 
oligonucleotide analogues. 

Noit-nudeodde linkers can be any molecule, wUdi Is not an 

25 oligameric sequence, that can be covalently coupled to an oligomeric 

sequence. Prefened non-nucleotide linkea are oligomeric molecules formed 
of ixm-nucleotide subunits. Examples of such non-nudeqtide linkers are 
described by Letsinger and Wu, (/. Aau ChenL Soe. 117:7323-732g (199S)). 
Benseler et al,^ (J. Am. Chem. Soc. 115:8483-8484 (1993)) and Fu el a/. , 

30 (/. Am. Oim. Soc. 116:45914598 (1994)). Prefened non-nudeotide 
linkers, or subunits for non-nudeotide linkers, inchide substituted or 
unsubsdDited C|*C,o straight chain or branched alkyl. substituted or 
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unsubstimtcd C|-C|0 stnight chain or bnnched alkenyl, subsdtnted or 
unsuhsdtutcd Cj-Cjo straight duun or bnuched alkynyl, substituted or 
l UB u b sri tut ed C|-Cio straight dkain or biancfaed alkoxy^ safastituted or 



^» 




ill 


»VM II 





or 



unaihstituted Cj-C|o straight chain or branched aikynyloxy. The substituents 
for these preferred non-mdeotide linkers (or subunits) can be hfliogfn, 
cyano, amino, caiboxy, ester, ether, caxboxamide, hydroxy, or meicqxo. 

As used herein, niicieoride refen to adrnosinc, guanosme, 
cytidine, uridine, 2*-<leoxyadeiiosine. 2*-deoxyguaiiofiine, 2*- 
deoxyqrtidine, or dgrmidme. A nucleoside analogue is a chemicaUy modified 
fonn of nucl e os i de containing a chemical modificatioa at any position on the 
base or sugar portion of the nucleoside. As used herein, the tenn wif^fT^ttf 
analogue encan^iasses, for mrample, both nucleoside analogues based on 
Dstunlly occurring modified nucleosides, such as mosme and pscudouridine, 
and nucleoside analogues having other modifications, such as modifications to 
the 2' position of the sugar. As used herein, «MrL»n»wi» |q ^ phosphate 
derivative of miclcosidet as described above, and a p«Tfl n>t id e analogue is a 
pliosphate derivative of nucleoside analogues as described above. The 
subunits of oligonucleotide analogues, such as pqstide niKleic acids, are also 
considered to be midendde analogues. 

As used bexein, a libomicleotide is a nucleotide having a 2* l^draxyl 
funcdon. Analogously, a 2'-deoxyribonucleotide is a nucleotide having only 
2' hydrogens. Thus, ribonucleotides and deoxyiflKmucleotides as used herein 
refer to naturally occurring nucleotides having nucleoside components 
adeoosfaie, guanosine, cytidine, and uridine, or 2'-deo;Qpadenosuie, 2 - 
dcoxyguanosine, r-deoxyt^tidine, and diymidhs, lespecdvely, widiout aoy 
chemical modification. Ribomicleosldes, deoxyribonudeosides, 
ribonudeoside analogues and deoxyribonucleoside analogues are similarty 
defined except that they lack the phoq>hate group, or an analogue of the 
phosphate group, found in nucleotides and micicotidc analogues. 

As tised herein, oligonucleotide analogues are polymen of nucleic 
acid-like material with nucleie and-likc prppenics, such as w^rncc 
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dQ)endei]t hybridization, cbat contain at one or more positions, a modificatiofi 
away from a standard RNA or DNA nucleotide. A preferred example of an 
oligonocleotide analogue is peptide nucleic acid. 

As used beiein» base pair xefeis to a pair of nucleotides or nucleotide 
analogues which interact through one or more hydrogen bonds. The tenn 
base pair is not Jlmited to interactions generally characterized as Watson- 
Crick base pain, but includes non-canonical or sheared base pair inrwa rtiftpy 
(Topal and Fresco, Nature 263:285 (1976); Lomant aiKl Fresco, Prog. Nud. 
Add Res, MoL BM, 15:185 (1975)). Tfaiis» nncleotides A^^-^ and U>^> fbnn 
a base pair in hammerhead ribo^mes (see Figure 1) but the base pair is ittn- 



ca 



lUlli *< 



J (see Figure 3). 

The iniennicleosidic linkage between two miclc^ffiidra can be achieved 
by phosphodiesler bonds or by modified phospho bonds such as by 
phosphoiDthioatB groqn or odier bonds such as» for cxan4>le, those described 
mU.S. Pat.No. 5,334,711. 

Flankiog EIcmeDts Z| and Z$ 

The monomeric subnnits of elements Z, and Z« which flank the active 
center (fbnned by elements Zi and 2;,) are preferably mnfmrirtrf and/or 
nucleotide analogues. Flemcnts Zi and are designed so that they 
specifically interact, preferably by hybridization, with a given RNA substrate 
and, together widi the acdve center Z^ and Z^, fomi a structure (preferably a 
structure resembling that of a hammexhead ribozyme) which q;iecifically 
cleaves the RNA substrate. 

The snfaimits of dements Z, and Z« can, on the one hand, be 
ribonucleotides. However, it is preferred that the number of nbonvdeotides 
be as small as possible since the presence of ribonucleotides reduces the in 
vivo stability of the oligomers. Elements Z| and Z« (and also the active 
center 2^ and Zj) preferably do not contain any ribonucleotides at the 
positions contahdi^ pynmidine nudeobases. Such portions preferably 
contain nucleotide anak>gues. 

The use of a large number of deoxyribonueleotides in elements Zt and 
Z4 is also less preferred since undesired interactions with protems can occur 
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or an unintoKied RNase H-sensitive DN A-RN A hy^ Tfaus. 
el em ents Z| and each prcfeiably contain (1) no hbooucicotides, and (2) 
no seqoences of more than 3 consecutive deoxyribcmucteotides. 

The subuntts of elements Z| and Z« are prefesably nudeotsdea, 
5 nucleotide analogues, or a combination. Prefen^ly, the nucleotides and 
mideotidc analogues in elements Z| and Z| each have itae structnre 




E W 



In stnicnue (I) each B can be 8denin-9-yU cytosin-l-yl, guanin-9-yl« 

15 uracil-l-yl, uracil-5-yI| hypoxamhin-9^yl, tfaymin-l-yl, S-metfaykytosin-l-yU 
2,6Kiiaminapuxin-9-yI» purin*^yl, 7-dea2aadenin-9-yl, T-deazaguanin-^-yl, 5- 
propynylcytDsin-l-y!, S-prppynyluiacil-l-yl, i8ogoanin-9-yt» 2*amisopazin-9- 
yl. 6-methylunu:il-l-yU 4-thiouraciI-l-yU 2*pynnudone-l-yl, quin8ZoliDe-2»4- 
dione-l-yl, xantfain-9-yl. N'-Klimetliylguanin-9-yl or a ftmctional equivalent 

20 thereof; 

Each V can be an O, S, NH, or CH} gnMip. 
Each W can be -H, -OH, -COOH, -CONHi, -CONHR\ -CONR'RS 
-NH2» -NHR«. .NR*^ -NHCOR\ -SH, SR', -F, -ONH,, -ONHR*. - 
Om}K\ -NHOH, -NHOR*, -NRH)H, -NR>OR', substituted or unsidisrinited 

25 C,-Cto straight chain or branched alkyl, substituted or unsubstitutcd Q-Cio 

straight chain or branched alicenyl, subsdtuted or wnsubffitutfd CfCto straight 
chain or branched aUcynyl, substituted or unsubsdtuted C|-C|o straight chain 
or branched alkoxy, substituted or unsubstitutcd C|-C,0 strti^ chain or 
branched alkenyloxy. and substituted or unsubstitutcd Ci-C^q straight chain or 

30 branched alkynyloxy. The substituents for W groups are tndependendy 
halogen, ^ano, amino, carfooxy, ester, ether, carboxamide, hydroxy, or 
mercapto'. R' and R' can be subsdtuted or unsubstitutcd alkyl, aikenyl, or 
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allcynyl groups, v/bm the sobsdmenis are indqxDdently halogen, cyaoOt 
amino, caitx)xy. ester, ether, caiboxunide, hydioxy, or mercqito. 

D and E are residues wUch tocedxr fotin a phospbodiester oc 
phosphorotbioate diester band between adjacent n"?lfft{!idff8 or tnH^i'^^ rir 
5 analogues or together form an analogue of an inteniucleosklic bond. 

For elements Zi and Zi faaviiig taideotkle and/or nnclcotide analogues 
of stnicoire (I), il is preferred that each W is sttbsdtuted or unsobstituted C|- 
Ct9 atcaight chain or branched aOooxy, C^Cn straight chain or branched 
aikenyloxy, or C^-Cio straight chain or branched alkynyloxy.. 

to In addition, the flaiddng demcmta Z, and Z4 can also contain no- 

deotide analogues such as peptide nucleic acids (also referred to as pq^tidic 
nucleic acids; see for example Nielsen a al,. Sdence 254:1497-1500 (1991). 
and Duebolm etal^J. Org. Chem. S9:S161-Sm (1994)). In this case die 
coupling of individual subunits can, for example, be achieved by acid amide 

15 bonds. Ekments Zi and Z4, when based cm peptide nucleic acids, can be 

coupled to elements Zi and Z), based on nucleotides or miclefttldff analogues, 
using either suitable linken (see, for example, Petersen et al.^ BioMed, 
ChenL Lot. 5:1119-1121 (1995)) or direct coupling (Beigniann ef oi., 
Tetrahedmi Lett. 36:6823-6g26 (1995)). Where elements Z, and 2;« contain 

20 a combination of nucleotides (and/or nucleotide analogues) and pqjtide 
nucleic acid, similar linlcages can be used to couple tiie different parts. 

The subunits of die Hanldtig elements Z| and Z4 contahi nudeobases 
or nucleobase analogues iniiich can hybridize or interact with nncleobases that 
occur naturally in RNA molecules. The nncleobases are prefiBrably selected 

25 from naturally occurring bases (that is, adenine, guanine, cytosine, thymine 
and uracil) as well as nudeobase analogues, such as 2,6-diaminopnrine, 
hypoxandxine, 5-methylcytosine, pseudouracil, S-propynylurBdl. and 5- 
propynylcytosine, which enable a specific bmdiqg to the target RNA. 

A strong aod sequencMped& interacdon (dial is, a tnoit stable 

30 hybrid between the RNA substrate and the oligomer) between the RKA 
substrate and elements Z| and Z| is p r efer red. For this purpose, it is 
preferred that the following nucleobase analogues be used in oltgDmeric 

14 
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sequences of elenwnts Z| and Z« In place of the standaid nucieobases: 2,6- . 
diaminopuxuie instead of adenine; thymine or 5-proiFyi^laracii instead of 
uracil; and 5-nietfaylcytosine or S-propynylcytosine instead of cytosine. 2- 
Anuno*2'-0-aD9ladenosines ate also pnfened (Lanun tt al.^ Nucleic Adds 
S Res. 19:3193-3198 (1991)). Fuzthennoie* aromatic systems can be Hni«>H to 
positions 4.and 5 of uracil to prodnce nwrlcobasc analogues such as 
phenoxazinc, which can improve the stability of die dotible-stnuid (Lin et ol,^ 
y. Am. Chenu Sac. 117:3873-3874 (1995)). 

Preferred RNA substrates for cleavage by -the disclosed compositioiK 

10 have the stnxctme 

5^2h*-C»*'-X"-Z,'-3\ 
where Z,* and Z4' interact widt Z, and Z«. respectively^ where C^^' is 
cytidine, and where X^^ is adenosme, guanosme, cytidine. or uridine. 
Qeavage occurs 3* of X". Preferably, X*^ is adenosine, cytidiu, or uridine, 

15 more prefierably X*^ is adenonne or cytidine, and most preferably X'^ is 

adenosme. Prefeiab^» X'^ (dm is, the 3* nucleoside m Z**) Is adenosme or 
guanosme. The target sites in substbtes «dikh can be cleaved by the 
disclosed compositions are distinct from target sites for previous hammerhead 
riboz3^mes since previous hammerhead r&ozymes require a uridine in position- 

20 16.1 of die sabstiatB. 

Position N'^. which is die 3' most position present in can be 

■ 

dther a guanosine, adenQsfaie» cyddme, or undine* U is prefe r ied that N'^ 
is either a guanosine, adenosine, or cytidine. It is more preferred diat H*^ 
is either guanosnie or adenosme. It is most pr e fet red that N*" is guanosine, 
25 Preferred substrates for cleavage by the disclosed compounds are those whoe 
N'*^ is guanosine. adenosme, or cytidnie and X" is adeno»ne. More 
preferred substrates for cleavage by the disclosed conqraunds are those where 
N'*^ is guanosine or adenoshie and X'' is adenosine. Most preferred 
substrates for cleavage by the disclosed compounds are those where N^^ is 

30 guanosine and X'^ is adenosine. 

Flaiddng elements Zt and Z4 preferably contanu mdependently of each 
odier, from 3 to 40, and more preferably from 5 to 10, nucleotides or 

15 
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nucleotide analogues. It is preferred that Z, and Zt* interaa lo fonn a stem, 
of at least three base pairs, and dut 2;« aod Z;* nitenurt to 
least three base pairs. It is more p rcfe r ied that these stems, aie adjacent to Zj 
and Z}, respectively. It is roost preferable that Z| and Z,* interact to foim a 
stem of more dian three base pairs, and that Zi and Z«* interact to fonn a 
stem of more than dnee base pairs. 

Pteferred RNA substrates are those that have little telubitoiy 
secondary stnicture associated with the target region of the RNA. Thexe arc 
a number of ways to determme which regions of an ENA mriflculp wmt^fa 
secondary structure, and would therefore be less preferred, and which xegioiB 
of an RNA md ecul c have Ihtle secondary structure, and tfaeiefore, would be 
more preferred. Preferred methods for determining regions of single- 
stranded RNA are those that map the sh^gleHstranded regions of RNA by 
selectively reacting with or recognizing diese regions. There are mar^ 
c h e mi cals (dmrnthyi sul&te (DMS), diethylpytocarbonale (DEPC), cathoxal 
(CMCT), carbodiimides) which react widi nitragens at the Watsoi^C!rick face 
of imdeotiflrs. Nucleotides involved in Watson-Crick base pairing diow less 
reactiviqr widi these chemicals than nucleotides which are noc Eiizyniatic 
reactions (using reverse transcriptase, RNase Tl, cobra venom nuclease, 
nuclease SI, nnclease VI} with chemkally modified RNA create diortened 
oligonucleotides wiiose length is dependant on the base where the chemical 
reaction occurred. Sbce chemical reactions occur piefe i emi aDy at the sii^ 
stranded regioDs of die RNA, these techniques indicate where the secondary 
structure of the RNA is. For example, methods such as dimethyl sul&le and 
reverse transcription mapping indicate regions of double-«trazKied RNA. 
Reverse transcrqstase under the appropriate conditions is unable to process 
through regions of double-stranded RNA, and therefore, there are abortive 
transcripts which when analyzed by poiyacrylamide gel electrophoresis 
(PAGE) indicate where in the RNA regimu of stroiig seccmdary structure 

exist, Exaixq>lesof these methods are described by Kumar era/.. 
Biochemistry 33(2):583-592 (1994), Mandiyan and Boublik, NUdeic Adds 
Res. 18(23):7055-7062 (1990), Bemal and Garcia-Aiena]» RNA 3(9):1052- 
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1067 (1997), and Ehresmann et al,. Nucleic Adds Res. 15(22):9 109-9128 . 
(1987). 

Another method which assesses which legions of RNA are singk- 
stnn^ is RNase H m^hig. In this method* dxnt. random DNA 
5 oligonucleotides are synthesized and mixed with the taigfit RNA. Regions of 

easy acoessibiUty are hybridized widi the shoct DNA molecules. TbeDNA- 
RNA bybiid regions are then cleaved by RNase H. The labeled RNA 
mol ecu le can then be analyzed by PAGR By coiiq»ring the cleaved 
molecules with a sequencing ladder, the regions of single-stranded DNA can 
10 be inferred. Exainples of diis niethod are described by Ho eta/., A^zmrv 
Biotechnology 16:5^ (1998). and in U.S. Patent No. 5.525.468 to 
McSwiggen. 

In vitro selection experiments (Szostak. TTBS 19:89-93 (1992)) can 
also be performed to determine the accessible six^-stranded regions of 

15 RNA. For exanqtle. the target RNA can be mbced whb random DNA 
oligonickotides that contain primer binding regions which can be used for 
PGR ainplilication. Amplification and resdecdom hi an iterative manner wm 
allow tot enrichment of those DNA ^i^^rom which are oqiable of biraiirig 
the RNA. This Identifies the regions of the RNA which are accessible for 

20 oligonucleotide hybridizatioa The selection or emicfament step can be any 
size selection or double-stranded nucleic acid separation technique. For 
example, Sephadex column duDmotagrsphy will separate the large* bound 
DNAzRNA complexes and the small unbound DNA molecules, or 
nxtrocellttlose ffltratlon wOl retam the bound RNA while the unbound DNA 

25 molecules will flow through. 

There are also a number of methods for qptimizing the oUgomera for 
a given substrate. For example, position N' of the oligomers* which has no 
specifk sequence reqnlremems, can he changed to help miiiiinize the 
possibiliQr of unwanted secondary structure in die oUgomers desi gn ed for a 

30 given target sequence. Also specific base modifications, such as 7-deaza- 
guanosine or 7-deaza-adenosine, can be utilized in regions having a number 
of guanosines or adenosines to prevent unwanted purincipurine interactions. 

17 
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Similar subsdiutions can be accomplisbed by introducing inosine ioio 
guanofiine rich regions, that nay be present for example in regions V or Z* 
of the catalytic oligoaier. 
Catalytic Core 

Ele me nts 2^ and 2^ are considered to fonn the catalytic core of the 



and a anaU number Of ribonockotides. in demems aid Zj it is prefened 
that each W (in stracmre (I)) is Cj-C, straigfat chain or branched alkyi. Cj-C, 
stiatght chain or branched alkeigrl, Ci<:;, stnd^ alkynyl. 
Ct-Cj straight chain or branched alkoxy« Cj-C, straight chain or braxKhed 
alkenyloxy. and C,-<i siraight chain or brandied Cj^:, alk^ It is also 
preferred that m each JP, X*, and X"«. W Is NH,, OH-substituted C,<:, 
alkyl. OH-subsdnned C|-C« altenyl, OH-substituiBd C1-C4 alfaucy or OH- 
substimted C2-C4 alkenyloxy. It is more piefeired that in each V, X\ 
and X*", W is NH,, meihoxy, 2-liydrexyethoxy, aOyloxy or altyi. It is also 
preferred that in X'^, W is -H or -OIL It is also prefened diat in each X" 
and X". W is C1-C4 alkyl. C2-C4 alkeqyl, Ci-C4 alknxy, C^-C* alfccnyloj^, 
OH-substimted C1-C4 alkyl, OH-substituted QrCi alkeiQi. OH-flibstioited C,- 
C4 aflcDxy, or OH-sobstimted C2-C4 alkenyloxy. It is more preferred that in 
each X'^ and X*\ W is methoxy, 2-l^ydioxyethoxy or allylo:^. 

The subunits in elements Z2 and Z) are preferably mir4ffo^f 
analogues which can only hybridize weakly with ribonucleotides. Examples 
of such subunits are nucleotide analogues that contain a substituted or 
onsiibs ti iu t cd all^l, alkeiqrl, alkynyl, alkm^, alkeoykucy or alkynyloxy 
group, with preferably 1 to 5 carbon atoms, at the 2* position of ribose. 
Preferred nucle6bases which can be used fai detnenis 2^ and Z3 for this 
purpose are adettin-9-yl, purin-9-yl, uractl-l-yl, cytosin-l-yU guaninrP-yl and 
faypoxanthin-9^yl. 

The followmg nucleotides and nucleotide analogues are preferred for 
element 7^ (referring to components of stroctiire (0): 

Position X»: B « cytosm-l-yl, V « O, W - aUyloj^; B « cytosin-1- 
yl, V a o, W « aUyl; 
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Position X*: B - uiaciH-yl, V « O, W « aHyloxy; B - uracfl-l-yl, 

V » O, W = tUyl; B » iiraciM-yl, V - 0. W = OH; 
Position X*: B a guaiuii-9-yl, V » O. W » amino; B = guanin-^-yl, 

V - O, W - OH; 
Podiion X*: B « adcnin-9-yl. V » O, W « H; B » purin-9-yl, V = 

O. W « OH; B » i£knin-9-yU V = O, W « OH; 

Position X*: B • macil-l-yl, V » 0» W » allyloxy; B = cytosm-l- 
yl. V - O. W • aUyl; 

PosidoD X*: B » guuiiiH9-yl, V » O. W » smlno; B -> 
hypoxamhin-S>-yl, V » O, W » OH; B -> goani&^yl. V - O, W = OH; 

Poution X*: B - adeain^yl. V « O, W « H; B = puriri-9-yl, V = 
O, W " OH; B « adcmn-^yl, V • O, W » allyloxy. 

The following nucleotides and nucleotide amlogues aie piefened for 
clement Zg (refortng to components of stiucture (I)): 
15 Position X": B - gnanin-9-yI, V = O, W » H; B = 7-deazaguanin- 

9-yI, V » O. W " OH; B » gDanln-9-yl. V - O, W « OH; 

Position X*^: B = &denin-9-yl» V - O, W = allylo^; or B = 
adcnitt^yU V = O. W - 2-jiydro3Qrett»xy; B = puiin-9-yI. V - O, W » 
allyloxy; 

20 Position X'*: B " adeiiiii-9-yU V = O. W - allyloxy; B « puiin-9^ 

yl, V = O. W = OH; B = adcnin-^yU V « O. W » 2.1qrdro3qrctlioxy; B 
= piir»-9-yl, V « O, W » allyloxy; 

Position X"*^: B » hypoxantluii-9»yl or a fonctional equivalent 
thereof. V « O. W « OH. 

25 Elements and Z) interact in a way diat aUowa for the formation of 

a catalytic structnre. In p i e f e iic d compositions and Zj interact in a way 
that allows for the fonnation of a catalytic soructuie resembling a 
hammerhead catalytic sttuctuxie. One way Z, and Z) can interact to form a 
catalytic structure is through the interaction of the nucleotides axal/or 

30 nucleotide amaogues nuiking q> Zj aod Zj. lis disclosed coi]q)osidoo$ bave 

an RNA deavipg activity independent of RNase H. That is, the disclosed 
con^xisitions are able to cause cleavage of an RNA substrate without 
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involving RNase H. Although the disclosed compositions may also be 
c^Ie of promoting cleavage of RNA by RNase H, h is piefemd that they 
do noc 

Desired interaction between Zx and is preferably enhanced by 
5 coupling Clements to the 3*-€nd of Z, and/or the S'-cnd of Z,. A single 
element (refetred to herdn as Zj) can be used in this way to covalemly 
couple elements Zz and Zj. The stmcone of such a form of tiie disclosed 
composidons would be 5'-Z,-Z2.Z5-Z,-Z»-3\ Separate elements (refentd to 
herein as Z« and Z,) can be coupled to Z^ and Z, which piefembly interact 
10 (non-covalently) to stabilize or otherwise enhance die interaction of elements 
ZjandZ,. Component (a) of a composition of this form would have tte 
structure S'-ZpZj-ZarS', and conqKxient (b) would have the structure 5*-Zr 

U is preferred diat elements Z,, Z* and 2^^ are oligamerk sequences. 

15 non-nicleotidelinkera, or aocmibfnationof ollgotneric sequ 

nucleotide linkers. It is more prefentd that elements Z,» 2^ and Zf are 
oligomeric sequences. It is most preferred diat these oligomeric sequences 
interact to form an intramolecular stem (m the case ofZ^orm 
intermolecalar stem (in die case of ^ and Z,). Such stems preferably 

20 contain firom 2 to 30 base pairs, and are preferably continuous (that is, 

laddng unpaired bases). Elements 2;,, Z» and Z, preferably are conqniscd of 
nucleotides, nucleotide analc^gnes, or both, or are oligonucleotide atyalnpigs, 
It is preferred that Zj interacts with itself hi sucb a wi^ as to stabilize the 
interacdons between Z, and Z3. Similarly, it is preferred dua Z^ interaa 

25 widi Z| in such a way as to stabilize d» interactions between Z2 and Z9. It is 
preferred that eIrinfTin are oligomeric sequences made up of mdeotides 
and/or nucleotide analogues, digonucleodde analogues, or a combination, 
whicfa are able to hybridize widi each other. 

Elemmt can serve as a covalent linker coupling d^ 3' end of Z, to 

30 die 5' end of Z^, Element Z, is preferably made up of ddier ooivnudeotide 
molectiles such as polyethylene glycol, or oligomeric sequences, indudii^ 
nucleotides, raicleodde analogues and oligonucleotide analogues, or a 

20 
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combination of nucleotides, nucleotide analogues and oligonucleotide 
analogues. Aprefened fonnofdememZ, issiadeupof nucleotides, 
nucleotide analogues, oligoimdeotide analogues, or a cambination of 
andeotkles and nudeottde analogues which are able to mteract 
unramolecularfy to fonn a stein-loop structure. A prefcixed stem-loop 
stnictnre for element Zg is one containing from 2 to 30 base paixs. 

A prefened embodiniem of the disclosed compositions Is S^'Z^-Zf-Z^ 
Zy-Z^-y wiiere all of the nucleotides are either 2'-0-allyl-ribonucleotides or 
2*-0-mBKhyl-xibonucteotides excq)t for positions X^ X». X*» X*, X", X"-' 
which are ribonudeotidca unmodified at the V position (W = OH). 

Another preferred e mb odi m ent of the disclosed conqiositions is 5'-2^- 
Z3-ZrZrZ|-3* where all of die nucleotides are either 2*-0-allyl- 
ribonudeotides or 2'-<)-metl9l-ribonucleotides except fbr posi^ X^. X^, 
X*, X", X^'^ which are ribonucleotides unmodified at the 2' position (W » 
OH). 

Another preferred embodiment of the disclosed compositions is a 
coinpositlon made up of conqxnseats (a) and (b) as described above where 
can^mnent (a) Is 5'-Zi-Zt-Z« -3* and componem (b) Is 5'-ZrZ,-Zr3\ where 
an of die nucleotides are either 2'-0-a]lyl-iibonucIeotides or 2'-0-inethyl- 
ribo nn cl c o t ld es excqrt for positions X*, X*, X», X", X", X" * which are 
ribomiclcotides unmodified at die 2* position (W « OH). 

Anodier prefened embodiment of die disclosed composititms is a 
composition made up of components (a) and (b) as described above where 
component (a) is S'-Zj-ZrA -3* and component (b) is 5*-ZrZi-Z»-3\ where 
all of die nucleotides are either 2'-0-ailyl-riboDttcleotides or 2'-0-metfayl- 
ribomcleocldes except for positions X^, X^, X** X*^. X"-^ vdiich are 
libonuckoddes unmodified at the 2' position (W » OH). 

A preferred form of the disclosed composition is one in which there is 
a Gadded to die 3* end of Z}. Taira anl co-workers (Amontov and Thlnu J. 
Ajtl Chan. Soc. 118:1624-1628 (1996)) have shown dial die stacldog energy 
gained firom a guanoshie juxtaposed to R' of a hammethead-Uke rtbo^me 
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Stabilizes the fonnation of a catalytic structure. Thus, it is pfcfcncd that the 
S* nucleotide of Z« is O. 

The 3* eod of the disclosed conqpositioos can be protected against 
degradation by exooncleases by. for eicample, usizxg a nf^flffttidf analogue 
5 that is modified at the 3' position of the ribose sugar (for exanQ>le, by 

iochiding a substituted or unsobstitutcd alkyl, alkoxy, aUooiyl, alkenyloxy, al- 
Icynyl or allcynyloxy groi^ as defined above). The disclosed composttions 
can also be stabilized against degradation at the 3' end by exoimcleasea by 
inchidmg a 3'-3*-luilced tfinudeodcte stroctme (Ottigao ef oi., Amisense 

10 Research ami DeveUipmem 2: 129-146 (1992)) and/or two modified phospho 
bonds, such as two phosphorothioate bonds. 

The disclosed compositiOQS can also be linked to a prosthetic group in 
order to unprove tiidr cellular upttdce and/or to enable a specific celhdar 
localization. Examples of such prosthetic groups are polyanoino acids (for 

15 example, polylystne), lipids, hormones or peptides. These prosthetic gnnq»s 
are usually linked via the 3' or 5' end of the oUgomer either directly or by 
means of suitable linken (for example, linkers based on 6-aminohex8nol or 
6-mercaptnhrMnol). These linkers are commerdally avalhd)1e and 
tEcfaniqnes suitable for linking prosthetic groups to the oligcmser are known to 

20 a person skilled in the art 

Incrcasii^ the rate of hybridtzation can be important for die biological 
activity of the disclosed compositions since in tins way it is possible to 
achieve a higher activhy at low concentrations of the oonqx^sltiorL This is 
importatt for short-lived RNA substrates or RNA substrates that occur less 

25 oflen. A substantial aceeleradon of the l^bridization can be achieved by, for 
example, couplix^ posidveiy charged peptides (contamiog, for example, 
several lysine residues) to the end of an idigonudeodde (Corey J. Am, Chenu 
Soc. 117:9373-9374 (1995)). The disclosed compositions can be singly 

* 

modified in this rhanner using the Imikeis drmribrd above. Ahematively, the 
30 rate of hybridization can also be increased by incorporation of subunits which 
contain spermix^l residues (Scfamkl and Behr, Tetrahednm Lett. 36:1447- 
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1450 (1995)). Such modificaiioiis of the disclosed cQsiposidons also improve 
the ability to bind to RNA sobstrates having secondaiy structures. 
Synthcsb of OligvoMfS 

The disclosed composidcms can be synthesized using any suitable 

5 method. Maxiy synthesis methods are known. The following techniques are 
preferred for synthesis of the disclosed compositions, 2'-0-Allyl modified 
oligomers that contain residual purine ribonucleotides, axxl bearing a suitable 
3'-teaninus such as an inverted diymidine residue (Qrtigao et aL. Antisense 
Research and Development 2:129-146 (1992)) or two phosphorothioate 

10 Imkages at the S'-terminus to prevent eventual degradation by 3'- 
exonudeases, can be synthesized by solid phase jS-cyanoethyl 
phosphoramidite chemistry (Sinha ef aL, Nucleic Acids Res. 12:4539-4557 
(1984)) on any commercially avaibible DNA/RNA synthesizer. A preferred 
method is the 2*-0-/en-bu9ldimethyl8i^l (TBDMS) protecdon strategy for 

15 the ribonucleotides Gasman aoL.J.Am, Chenu Soc. 109:7845-7854 
(1987)), and all the required 3*-0»phospfaonmiidites are commercially 
available. In adifition, the use of aminometfaylpofystyrcne is preferred as the 
support material due to its advantageous properties (McCollum and Andrus 
TeimAedhui £€am 32:4069^4072 (1991)). Fluorescein can be added to the 

20 5*-end ofa substrate RNA during the synthesis by using commercially 

available fluorescein phosphoramidttes. In general* a desired oligomer can 
be synthe^zed using a standard RNA cycle. Upon ctHnpletion of the 

■ 

assembly. aU base labile protectmg groups are removed by an 8 boor 
treatment at 55*C with concentrated aqueous ammooia/ethanol Oil v/v) in a 

25 sealed vial. The ethanol suppresses premature removal of the 2'-C)-TBDMS 
groups which would otherwise lead to appreciable strand cleavage at the 
resulting ribonucleotide positions under the basic conditions of the 
deprotecdon (Usman etaL, J. Am. QunL Soc 109:7845-7854 (1987)). 
After lyophilization the TBDMS protected oligomer is tteated with a mixture 

30 of triethylaminc trihydrofluoride/triediyhunine/N-nietfaylpyrrolitfinone for 2 
hours at 60*C to afford fast and efficient removal of the sUyl protectuig 
groups under neutral conditions (Wincott etoL^ Nucleic Acids Res. 23:2677- 

23 
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2684 (1995)). The fully deprotected oligomer can then be prccipiratcd with, 
butanol accoidiiig to the procedure of Caduda and Bnmel {Nucleic Acids Res. 
18:201 (1990)). Puiifkation can be perfonned either by denaturing 
polyaaylamide gd electnq»haresis or by a combinadon of ion-exchange 
HPLC (Sproat et al,, NudeosUes and Nucleotides 14:255-273 (1995)) and 
reversed pliase HPLC. For use in oeIb» it is preferred dat symfaesized 
oligc»ners be converted to dieir sodhm salts by precipitation with sodium 
perchloraie In acetone. Traces of residual salts ate then preferably removed 
using small disposable gel filtratian columns diat are commercially available. 
As a final st^ it b preferred that the authen^i^ of the isolated oltgonen is 
checked by matrix assisted laser desoiption mass spectrometiy (Picks «faL, 
Nucleic Adds Res. 21:3191-3196 (1993)) and by nucleoside base composition 
analysis. In addition, a 



lal cleavage test widi die oligomer on die 
cotrcspoDding chemically synthesized short oligoribonucleotide substrate is 
also preferred. 

Cleavage of RNA Substrates 

The disfilftsrd compositians have a very high in vivo activity since the 
RNA cleavage is promoted by protein fectors that are present in the nucleus 



or qrtoplasm of (he cell. EXanq)les of such protein fectots which can 
increase the activiQf of hammrriifad ribozymes are, for example, the 
m i df ocapsid protehi NCp7 of HIVl (MiUler etal.,J. MoL BioL 242:422- 
429 (1994)) and the beterogmous nudear ribonncleoprotein Al (Heidenreich 
et al., Nudeic Adds Res. 23:2223-2228 (1995)). Thus, long RNA transcripts 
can be cleaved eCfldeotly within the cell by the disclosed compositM 



The disclosed o 



1,1 1 1 f:!},*^ 



ions can be used in pharmaocmical 
compositions diat contain one or several oligomers as the active substance, 
and, optionally, pharmaceutically accq>table auxiliary substances, additives 
and carriers. Such pharmaceutical compositioDS are suitaUe for the produc- 
tion of an agent to specifically ixmctivate dw expression of genes in eukary- 
otes, prokaryotes and viruses, especially of human genes such as tumor genes 
or viral genes or RNA molecules in a cell. Further areas of appUcadon arc 
die inacdvation of the expression of plant genes or insect genes. Tlius, the 
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disclosed compositions can be used as drugs for humans and Animaijt as weU 
as a pesticide plants* 

A varieQr of mctiiods are available for delivering the disclosed 
coo^ositions to cells. For example^ in general^ die disclosed conq>08idons 
can be incorporated within or on zniaoparticles. As used herein, 
micraparticles inchide liposomes* virosomes, microspheres and niicit}cap8ttles 
formed of syntliettc and/or natural polymers. Methods for nrnififig 
microc^isules and microspbeies are Jmown to those skilled fai die art ani 
inchide solvent evaporation, solvent casting, spray dryii^ sind solvem 
extension. Examples of oseftil polymers which can be mcotponued mto 
varioua tnicrDparticIes include polysaccharides, polyanfaydrides, 
polyottboesters, polyhydroxides and proteins and peptides. 

Liposomes can be produced by standard methods such as those 
reported by Kim ef a/., Biochinu Biophys. Aaa. 728:339-348 (1983); Lhi et 
aL^ Biodtim. Biopf^. Acta, 1104:95-101 (1992); and Lee er at, Biot^dnu 
Biophys. ActiL. 1103:185-197 (1992); Wang €ra(., Biochem.. 28:9508-9514 
(1989)). Such methods have been used ID deliver nucleic acid molecules to 
the nucleus and cytoplasm of cells of die MOLT-3 leukemia cell line (Thieny 
and Drilschilo, NiteL Adds Res.. 20:5691-5698 (1992)). Atteraatively, the 
disclosed compositions can be incoipotatBd within microparticles, or bound to 
the outside of the microparticles, either ionieally or covalendy. 

Catk>nic liposomes or microcapsules are microparticles that are 
paitictilarly useflil for delivering negstively charged compounds such as the 
disclosed conpounds, which can bind kmkally to the positively charged outer 
sur&ee of these liposomes. Various cationic liposomes have previously been 
shown to be very effective at delivering nuddc ackls or nucleic ackl-protem 
complexes to ceUs both in vitro and in vivp, as r ep oite d by Feigner eroL. 
Proc, NatL Acad. Sd. USA, 84:7413-7417 (1987): Feigner. i4dwmced Drag 
Delivery Reviews, 5:163-187 (1990); Qarenc ef a/., Ami-Cancer Drug 
Design^ 8:81-94 (1993). Cattonic liposomes or mlcrocBpsules can be 
prepared using mixtures includiog one or more lipids containing a cationic 

side group in a sofiBcient quantity such that the liposomes or microcapsules 
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fonsed ftam tbe mixtuit possess a net positive chaise ^rtiich wiU ionically 
bind negatively charged compounds. Examples of positively chained lipids 
that may be used to {uoduce cationtc Iqroso m es Include die aminolipid 
diokoyl phosphatidyl ct h a iml a mi ir (FE). which possesses a positively 
5 chaiged primary amino head group; phosphaddyklioline (PC), wMch possess 
posidvely charged head groups diat are not primary amincgi and N[l-(2,3- 
dioleyIoxy)propyll.N,N,N.tricdvlwnmontam CDOTMA/ see Feigner et al., 
Prvc, NatL Acad. 5ci USA, 84:7413-7417 (1987); Feigner a/. » Nature, 
337:387-388 0989); Feigner. Admiced Drug Delivery Reviews. 5:163-187 
10 (199Q)). 

A prefioTed form of micropartide for delivery of tbe discl osfd 
compositions are beme-bcaring microparticles. In these micnipardcles, heme 
is mtercalated into or covaleotly conjugated to the outer sur&cc of 
microparticles. Heme-bearing microparticles oSlBr an advantage in diat since 

15 they arc preferentially bound and taken up by cells that express die heme 
receptor, such as hepotocytes, dse amount of drug required for an effective 
dose is significantly reduced. Such targeted delivery mi^ also reduce 
systemic side effects that can arise from using relativeiy high drug 
concentradons in non-taigeted deiiveiy methods. Preferred lipids for fotmhig 

20 heme-beari^g microparticles are l,2-dioleoyloxy-3-(trmicdiylammonium) 
propane (DOTAP) and dioleoyl phosphatidyl ^^imiam^ (DOPE). Tbe 
producdon and use of heme-bearipg microparticles are described in PCX 
^iplicadon WO 95727480 by Inoovir. 

The disclosed conqx>sitions can also be engapMiin^i"^ by or coated on 

25 cadonic liposomes which can be mjected intntvouiusl^ TUs 
system has been used to introduce DNA mto die cells of multiple dssues of 
adult nuGe« mchidlt^ endothelium and bone marrow, where hematopoietic 
cdls reside (see, for example, Zfau et al,. Science, 261:209-211 (1993))* 

liposomes containmg the disclosed compositions can be admmislered 

30 systcmically, fbr exanq>le, by intravenous or intraperitoneal admmistration, in 
an amount effective for delivery of the disclosed conq)osldons to targeted 
cells. Other possible routes include trans-dennal or oral, when used m 
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ccmjuQction with appropriate micn^Muticles, Generally, the total amount of 
the Itposome-associated oligomer adnrniistered to an individual will be less 
than the amount of the tioassociated oligomer that must be administered for 
the same desired or imended effiect. 

Compositions inchirihig various poljrmeis such as the polylactic add 
and pol^lycolic acid copolymers, polyethylene, and polyortfaoesters aid the 
disclose d conqx)sitiottS can be delivered locally to the approf^te cells by 
using a cadieier or syringe. Other nnns of cfelWeringsiich compositions 
locality to cells indude misig infliston pmnps (for example* iirom Aba 
Corporation, Palo Alto* California) or incorporating die compositions into 
polymeric inq>lanls (see, far example* Johnson and Lloyd-Jones, eds.. Drug 
Delivery Systems (Chichester. England: Ellis Horwood Ltd., 1987). which 
can effect a sustained release of the thetmpeudc con^)osidon8 to the 
immediate area of the implant. 

For therqieutic applications die active substance is prefeably 
a d minister ed at a conoenttation of 0.01 to 10,000 /tg/kg body weight, more 
preferably of 0.1 to 1000 itg/Jug body weight The administration can, for 
example, be carried out t»y nje^n, hihalatson (for example as an aerosol), 
as a spray, orally (for example as tablets, c^uules. coated tablets etc.), 
topically or lectally (for exanqile as suppodtories). 

The disclosed compositions can be used in a method for the specific 
inactivation of the eaqnession of genes in viAudi an acdve concennradon of the 
composition is taken up into a cell so that the composidon specifically cleaves 
a predetermined RNA moteaile vdiich is present in the cell, the cleavage 
preferably occurring catalytically. Similar compositions, which are described 
in U.S. Patent No. 5,334,711, have been used suocessfoUy In mice to 
inactivate a gene (Lyngstadaas ei al.. EMBO J. 14:S224-5229 (1995)). This 
process can be canied out in ^4tra on cell cultures as well as in vivo on living 
oiganisms (prokaiyotes or eukaryotes such as hmnans, anhnals or pUmts). 

The disclosed compositions can also be used as RNA restriction 
enzymes to cleave RNA molecules (in, for example, cell free in vitro 
reactions). The disclosed compositions can also be used in a reagent Icit for 
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the restriction cleavage of RNA molecoles which comsuos, for example, an . 
oligomer and suitable buffer sobstaaces. la this case the oUgoiser and the 
haSfa substances can be present in the tana of sohitions, suq>ensions or 
solids such as powders or lyopiUlisates. The reagents can be present 
5 together^ separated from one another or qptiooaily also on a suitable carrier. 
The disclosed conqx»itions can also be used as a diagnostic agent or to 
identify the lunctioa of unlmown genes. 

The present invention will be further understood by reference to the 
fcMowing non-limiting examples. 
10 Examples 

Kx a mplc 1: Clca?age reactbns which Indicate that an inosine 
snbsritiition at position 15.1 can elTectiTely cleave 

A set of 12 substrates was ^mhesized which covered each 
IS peinnuaswnoftheN^^(^W'motifwlmH*^isnocgiiano8h^ The 
oligomers and the corresponding substrates used in the cleavage assays are 
shown m Table 1. Each of the substrates was labeled with flnoiesceio at die 
5' end and an inverted thymidine cap was used on the 3'-end. A set of four 
catalytic oligomers was sy nth es i ze d, providmg an appropriately matched 
catalytic oligomer for each of the substrates. Each of these catalytic 
oligomers had an inosine at position 15.1. A control substrate and catalytic 
oligomer were also synthesized in which there was a U at position 16.1 of 
die substrate and an A at position 15.1 of the catalytic oligomer. 
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Table 1 






Triplet 


Substrate sequence 






ACC 
ACA 
ACU 


H-GAAUACCGGUCC5Cn' 
Fl-GAAUACAGGUCGCn* 
Fl-GAAUACUaGUCGC*T 


(SEQ 

(BED 

(SEQ 


ID N0:4) 
IDN0:6) 


GCC 
GCA 
GCU 


FI-GAAUGCCGGUCGC*T 
Fl-GAAUGCAGGUCGC^ 
F1-GAAUGCUGGUC0C*T 


(SEQ 
(SEQ 
(SEQ 


IDNO:7) 
IDN0:8) 
ID N0:9) 


CCC 
CCA 

ecu 


F1-GAAUCCCGGUCGC*T 
Fl-GAAUCCAGGUCGC^ 
H-GAAUCCUGGUCGC*T 


(SEQ 
(SEQ 
(SEQ 


ID NO: 10) 
ID NO: 11) 
ID N0:I2) 


UCC 
UCA 
UCU 


F1-GAAUUCCGGUCGC*T 
F1-GAAUUCAGGUCGC*T 
F1-GAAUUCUGGUCGC*T 


(SEQ 
(SEQ 
(SEQ 


ID NO: 13) 
ID NO: 14) 
ID N0:15) 

• 


cue 


F1-GAAUGUCGGUCGC*T 


(SEQ 


n> N0:16) 



Targeted 
triplet 

ACH 
GCH 

cc:h 

UCH 



Catalytic oUgomer sequence 

l^gaoccuGAuGaggccgagaggccGai&iiuuc*T 
gcgacccuGAuGaggccgngaggocGailcniucrr 
gcguccuGAuGaggccgugaggccGai|gauue*T 
gcgioccuGAuG^ccgug&ggooGai]aiiiuc'*T 



(SEQIDN0:17) 
(SEQIDN0:18) 
(SP9Q n> NO:19) 
(SEQ ID NO:20) 



GUC gcgacccuGAuGaggccgugaggccGaflAcauuc*T (SEQ ID NO:21) 

Fl = Fhioiescein label 
*T » 3'-3' Invcfted tbymidine 
A* C, G, I, U «- ribonucleotides (L if bosine) 
a, c, u » 2*-0-allyl-ril 



40 



The above substrates and catalytic oligomers were used bi cleavage 
reactions to determine die ability of an inosine at position 15.1 to overcome 
. die requirement of a U at position 16.1 for cleavage. All of die reactions 
were pciformed using the followbig protocol. Tbe reactiois were typically 
done m 100 id and diey contabied disdiled, aiztoclaved HA 10 niM MgCl2. 
10 mM Tris-HCl pH 7 A, 5 ftM ribo^rme, and 0.25 ftM substrate. The 
catalytic oligomer, substrate, and buffer were added togedier and heated to 
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95^C for 5 minutes. After cooling to loom tenqieratiiie over 5 minuf gi y the 
reactions were brought to 10 mM MgCt t mixed, and placed at 37*C. 10 
mL aliqoois were removed at specific time intervals (10» 30, 60, and 120 
minutes) and added to 3 ^1 of loading buffer (95% fonoamlde. 100 mM 
5 EDTA pH 8.0, 0.05% bromopfaenol bloe) to quench the reaction. Samples 
wefe analyzed by 20% polyaciylaniide gel electropfaomsis. Gdawece 
analyzed on a Molecular Dynamics Fluorescence Imager, The results of 
cleavage reactions of this ^pe, using the substrates axvl catalytic oligomers 
shown in Table 1, are shown in Table 2. 
10 Table 2 

H^H^nr Alter 

Triplet mixiog 10 30 60 120 

15 U"^ Catalytic oligozner 

ACC 4.4 2i2 58.1 91.5 91.5 

ACA 7.7 71.8 84.7 93.1 94.8 

ACU 1.8 58.7 70.5 



20 



P" C«" Cata^ oligomer 



GCC 1.62 39.6 59.9 82.0 87.0 

OCA 13.7 65.3 78.7 89.7 93.1 

25 GCU - 64.3 74.8 

I" » G"^ Catalytic oligomer 

CCC — 34.33 45.38 

30 CCA 1.1 18.8 45.5 70^8 8o!63 

ecu 2.0 28.4 36.7 

I1S.I ^134 Catalytic oligomer 

35 UCC - 6.8 57.0 64.7 

UCA 1.6 39.6 60.8 

UCU 3.3 41.1 53.1 



40 



A" » C" Catalytic oligomer 

GUC 1.6 38.5 66.5 93.5 
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The numbers represent the peicemage of substrate cieaved at the 

* 

time point (which were at 0, 10, 30, 60, and 120 minutes after 
startmg the reaction). The results huUcate that substrates with a C at position 
16.1 are able to be cleaved by catalytic oligomers comaining an I at position 
15.1. While there are differences between the various substrates at die 120 
minnte time point, the data show that a substrate with a C at position 16.1 in 
conjunction whh a catalytic oligomer widi an 1 at position 15.1 is able to 
effectively cleave in all backgrounds, indicatii^ that die substitution of an I at 
position 15.1 does in faa allow for dte cleavage of ai^ appropi iate substiate 
containing a N*^'*-»H" site. 

Initial rates of cleavage of die twelve substrates laving C'*-'. and the 
control substrate having U^^\ by the corresponding catalytic oligomers (all 
shown in Table 1) were determined uang single turnover kinetks. Sh)gle 
turnover kinetics were assessed by mixmg 2.5 /d of a 100 |iM ribo^me 
solution, 2.5 ;d of a 10 ^ sohition of 5* fluorescein labeled substrate, and 
10 fd of a 100 mM Tris-HCl pH 7.4 sohition. The mixture was ditoted to a 
flnai vohmiB of 90 m1. heated to 95*C for 5 minutes, and cooled to 37*C. 
Theieaction was started by addjiig 10^ of a 100 mMlfgClj sohition. The 
final concentrations of the reaction conqwnems were 250 nM substrate, 2.5 
/and ribqzyme, and 10 mM MgCl}. Ten microliter samples were removed 
at various times and mixed with 10 ^1 of a 100 mM EDTA. bromphenol bhie 
solution ID stop the reaction. Cleavage products were «*y«rpfgd from 
unreacted substrate by PAGE and were quantitated on a Molecular Dynamics 
Fhioresccoce Imager. 

The data, measured in fraction of substrate cleaved versus time, were 
fitted to the equation: 

firaclPl = Hfl(l-e*>^/So 
as described by Jankowsky and SchweoEEer. Mie/. Adds Res. 24:433 (1996). 
The calciilatrri values of k} for the various ribozymes are shown in Table 3. 
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Table 3 

Triplet 

gcgaoccuGAuGaggccgugBggccGaaluauuc^ (5£QIDNO:17) 

5 

(miir') Substnue sequeoce 

AOC 0.07 Fl-GAAUACCGGUCGOT (SEQ ID N0:4) 

ACA 0,36 Pl-GAAUACAGGUCGCrr (SEQ ID N0:5) 

ACU 0.026 FI-GAAUACUGGUCGC^ (SEQ ID N0:6) 



10 



gc gac cQ iG AttGaggccgugaggccGaalcauuc^T (SEQ ID N0:18) 



(cmr') Substrate segpcnce 

GCC 0.12 F!-GAAUGCCGGUCGC*T (SEQ ID NO:7) 

15 GC:A 0.48 Fl-GAAUGCAGGUdGC*T (SEQIDNO:8) 

GCU 0.05 F1-GAAUGCUGGUCGC*T (SEQIDN0:9) 

gcgacccuGAttGaggocgugaggccGaaTgairoc*T (SEQ ID NO: 19) 

20 (mlir') &ibstrate sequence 

CCX: < 0.01 FI-GAAUCCCXK3UCGC*T (SEQ ID NO : 10) 

CCA 0.04 H-GAAUCCAGGUCGC*T (SEQ ID N0:11) 

ecu <0.01 n-GAAUCCUGGUCGCn* (SEQ ID N0:12) 

25 gcgacociiGABGaggpcgugaggcc(Sa«l««inin*T (SEQ ID N0:20) 

1^ (niiir') Substrate sequence 

UCC < 0.01 F1-GAAUUCCGGU(X3C*T (SEQ ID NO: 13) 

UC::A < 0.01 H-GAAUUCAGGUCGC*T (SEQ id NO: 14) 

30 UCU <0-01 H-GAAUUCUGGUCGCn* (SEQ ID N0:15) 

ygacccuGAnGaggocgugaggcc G aa A cau u c^T (S£QIDN0:21) 









IT 



Substrate sequeoce 

35 GUC 0.13 F1^AAU0UCGGUCGC*T (SEQ m NO-.lfi) 

Fl B Fhiorescnn label 
«T a 3'-3* inverted tfayaudine 
A, C, G, I, U » ribonucJeotMes (I is inosine) 
40 a, c« g, u » 2*-0-aUyl*riboiiucleotides 

The results show that substrates with A'"C»*-'H" and G'*^*"H" 
trq»let8 are cleaved at a high rate. Comparison to the control catalytic 
oligomer having an A at position 15.1 (to cleave a substrate wlttk a 
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Qi^tUQti jjjpi^) jIj^j^j |jj3| substrates whh A"*^*^'A*^ and G»*^»*->A^'. 
triplets (to be cieaved by a catalytic oligomer with an I at position 15.1) have 
an initial rate of cleavage that is higher than the corresponding control 
reactions involving itactants widi a standard A'^^^U*^^ base pair. 
Example 2: Rate of deavage at GCH and ACH triplets by catalytic 
oligmnen rrmtafnfng only ribomideotides 

Cleavage of substrate RNA by aH-ribonudeotidc versions of oUgqmers 
(no modtfications) designed to cleave GCH and ACH triplets was assessed. 
The oligomers used were SEQ ID N0:17 (deayes after ACH triplets) (Table 
1) and SEQ ID NO:18 (cleaves after GCH triplets) (Table 1). The 
correaponding short fluorescent labelled substrates, SEQ ID N0S:4, 5, and 6 
(containing ACH tripleu) (Table 1) and SEQ ID N0S:7, 8, and 9 (contaunng 
GCH tr^lets) (Table 1) were used widli catalytic oligomers SEQ ID NO:17 
and SEQ ID N0:18 respectively. 

The reactions were performed under siqgje-cuxnover kinetic 
conditions, using 2.5 /iM catalytic oligomer and 250 nM substrate, bodi at 
pH 6.0 In the preseiKe of 10 mM Mgi*^ and also at pH 7.4 in the p re sen ce of 
1 mM Mg'^. All other reaction conditions were as in Example 1. 

The data were analyzed as in Example 1. The vahies for ^ 6 
combinations of all-ribomicleotide catalytic oligomer and correqKmdinig 
substnks are shown in Table 4. 

* 

Tkbfe4 

Triplet 



pH 6.0; 10 mM Mg>^ pH 7.4; 1 mM M^* 



GCA 
GCC 
GCU 

ACA 
ACC 
ACU 



0.39 
0.18 
0.03 

0.41 
0.17 
0.02 



2.32 
2.03 
0.10 

1.12 
0.71 
0.06 



Tbt all ribonucleotide oligomers tsigetiog CjCA, GCC, ACA, and ACC sites 

35 have a higher rate of cleavage than die all ribomicleotide oligomen targeting 
GCU or ACU sites. Forthermore, Table 4 indicates the deavage activi^ is 
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very high in the presence of 1 mM Mg**. This level of Mg''*^ is similar to 
the concentzatioD of Mg^^ m vivo. 

Kramplf 3; Rate of ctearage at GCH and ACH triplets by catalytic 
oBgomers containing only 6 ribonucleotides 

5 Qeavage of substrate KNA by ^-nbonucJeotide venbns of oligomets 

designed to cleave GCH and ACH tzipleu was assessed. In diese oligomeni, 
ribonucleotides were present at positions U*. &, A\ G*. and I"-^ and ail 
idons were 2'-0-aIlyl-riboniicleotides (see Figure 2 for munberfag). 
The oligomers used were SEQ ID NO:17 (cleaves after ACH triplets) (Table 
10 1) and SEQ ID N0:18 (cleaves aAer GCH triplets) (Table 1). The 

corresponding short fluorescent labelled substrates, SEQ ID NOS:4. 5, and 6 
(contuning ACB triplets) (Table 1) and SEQ ID NOS:7, 8, and 9 (contahxing 
GCH tripleu) (Table 1) were used with catalytic oligomers SEQ ID NO:!? 
and SEQ ID N0:18 lespectiveiy. 
15 The reactions were performed under single-turnover kinetic 

ccHididons. using 2^ |iM catalytic oligomer and 250 nM suhstnue* bodi at 
pH 6.0 in the presence of 10 mM and also at pH 7.4 in tbe presence of 
1 mM Mg^***. All other reaction conditions were as in Example 1. 

The dau were aaa^zed as in Example 1. The calcnlated vahies for 
20 the six combinations of 6-ribo catalytic oligomeis and corresponding 
substrates are shown b Table 5. 

Tables 

k| (mm)'' 

Triplet pH 6.0; 10 mM Mg** pH 7.4; 1 mM Mg** 

25 

GCA 0.1 1 0,87 

GCC 0.03 0.14 

GCU 0.03 0.11 

30 ACA 0.18 1.06 

ACG O.Ol 0.12 

ACU 0.02 0.08 

These results hidicate that catalytic oligomers such as SEQ ID NO:17 
35 (cleaves ditex ACH nipleu) (Table 1) and SEQ ID N0:18 (cleaves after 

GCH trii^ets) (Table 1) remain active when all of the ribonucleotides except 
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ttiose at positions IT, A^ G*. G» and I^^ aie modified. These results . 
also indicate that catalytic oligomers are capable of deaving substrates at 
pfaysiologicat concentrations of M^*. 

Example 4: Rate of deavage al a GCA triplet by msions of a caUdytic 
5 oUgomer differing in tbe sugar modification at position 

Cleavage of subsnrate RNA by otigomets wtdi iiin^sfSoytiT?Tw at 
position U* was assessed. These assays showed that oligcmen diat contain 
nuclease resistam modificatians retain activity and that diffaent modiflcatioiB 
can be made at a given position of tiie catalytic oligomer wlule retainii^ 

10 acttvily. Thecata^oligomen weiebasedonSEQIDNDtlS. Variant I 
was made up of SEQ ID N0:18 widi all but five ym'^^^TftW modified widi 
2*-(>-allyl-ribonncleo t ides (ribonucleotides were prtsem at positions A'» 
G*, G" and I^^ and all other positions were 2*-0-aliyl-ribonudeotides; see 
Figure 2 for numbering). Variant II was made up of SEQ ID N0:18. 

15 modified with 2'-0-alIyl-ribonudeotides at all but six nnriii«t«^ 









[ft 





Other positions were 2'-0-allyl-nbonucieocides). Variant ID contained 
tibomideotides at portions G'. A', G*. G^ and I" ' and a 2*-anmx>2*- 
deoxyuridine at position . All other bases were 2'-0-aUyI>iibonuclebtides. 

20 The reactions were performed under single-tumDvcr kinetic 

conditions, using 2.5 fiM catalytic oligtmier and 250 nM substrate* both at 
pH 7.4 in the presence of 1 mM M^*. All other reaction conditions were 
as inBxam|de 1. 

The data were analyzed as in Exan^le 1. The calculated Icj vahies 

25 were 2.32 minr' for the all-ribonncleotide compound, O.iO mhi'* for variant I, 
0.87 min ' for variant II and 0*56 minr* for variam m respectively. These 
results indicate that different modifications wfatcfa inlnbit RNase A adiidty 
can be made at the highly RNase A sensitive IT site while retaining activity. 
The nuclease lesistam variant comahiing tlie 2*-amint>-2'-deoxyoridme at 

30 position is only maiginaliy less active tian tbe RNase A sensitive but 
highly active variant which contains a ribouridine at this position. This 
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demonstrates tbat it is possible to gecerate nuclease resistant catalytic 
oligomers with activities dose to tbe umnodilied all-ribonudeoticle veruons, 
and that different modifications can be made at a given site while letaining 
activity. 

5 Eaumple 5: Con^parimii of deavage actMtia of 2*-0-melbyl- and 2*-0- 

aUylHnodlOed catalytk digomera at aU U poEdble ^ 
triplets 

Cleavage of substrate 1(NA by oligomers with modificatioas in the 
nndeotides at aU posidcms exoqrt G', A\ G\ and I*^*^ were assayed to 

10 show cleavage at all NCH sites. Catalytic oligomers were based on SEQ ID 
N0:17 (cleaves afler ACH triplets), SEQ ID N0:18 (cleaves after GCH 
triplets). SEQ ID NO: 19 (cleaves after CCH triplets) and SEQ ID NO:20 
(cleaves after UCH triplets) that dther contamed 2*-0-a]lyl-ribonucleotides 
or 2*-0-methyl-ribonDcleot]des at all poshkms accqit &, A\ &\ and 

15 I'^'* were synthedzed. The respective fhiorescent labelled snbsttates SEQ ID 
NC)S:4. 5 and 6 (contaming ACH tripkls, cleaved by SEQ ID N0:17). SEQ 
ID N0S:7. 8 and 9 (containmg GCE triplets, cleaved by SEQ ID N0:18). 
SEQ ED NOS:10. 11 anl 12 (cootainmg CCH tr^lets. cleaved by SBQ ID 
NO: 19) and SEQ ID NOS: 13, 14 ami 15 (containmg UCH triplets, cleaved 

20 by SEQ ID N0:2a) were also syndiesized. The sequences of SEQ ID NOS: 
4-20 are shown in Tabk I. 

The reactions were perfbnned under single-taxnover kinetic 
condidons» usk(g 2.5 /cM catalytic oligomer and 250 nM substrate^ at pH 7.4 
m the presence of 10 mM f«pgnH™ kms. All oOier reaction conditions 

25 were as inExan^le 1. The data were analyzed as in Example 1. 

The results ftom tfiese assays inrtiratfiri that catalydc oligomen 
directed at GCH. ACH. CCH. and UCH substrates are capable of deaving 
their respective targets. The results also indicate that for many catalytic 
bligomer:substrate combinations dm is virtually no difference between cbe 

30 2'-(Vallyl-ribonucleotide modified catalytic oligomers and the corresponding 
2'-a>methyl-rib(mudeodde catalytic oligomers. Furthetmoxe, for no 
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CGmbkation is there much more than a 2-fold difference between these two 
Qrpes of modifications. 

Example 6: Rate of cleavage at a GCA triplet by Yersbns of a catalytic 
oligamer difTering In the nucleobase at portion 

Cleavage assays were performed to show that different bases widi 
diffetent modifications conld be substituted at positbn ^^ and sdll tmm 
activity. All catalytic oligomers contained I'-OiOlyl-ribQmideotides at all 
positions except G*, A*, G*. G" and which were ribonnclcotidcs. Ail 
catalytic oligomers were designed to cleave after GCH ti^lecs. The 
y^ignces of the catalytic oligomers were as follows (the ff posidon Is 
mariced in boldface): 

L-gcgacccuGAnGaggccgugaggccGaaIannic*T (SEQ ID NO: IS) 
LrgcgacccuGAcGaggocgugaggccGaalcauuc*? (SEQ ID NO:22) 
LrgcgaoccuGAaGi^gccgagffggccGaalcsuuc^T (SEQ ID NO:23) 
Lpgg;gacocttGAeGi^gccgugaggccGaaIcamic*T (SEQ ID NO:24) 
L-gcgaaxuaAiOaggccgugaggcc(jaaIcauucn (SEQ ID NO:25) 
L-gcgaoccuGAqGaggccgugaggocGaalcauuc^T (SEQ ID NO:25) 
L-gcgacccuGAnGaggccgug^ggocGaalcamic^ (SEQ ID NO:27) 

L B 5*-tenninal bexanediol linker 

*T -i 3*-3' invested diymi^ 

A. G and I are ribonucleotides 

a, Cj g, n and i are 2*-aIlyloxy-2'-deoxyribomicleotide8 

q is l-(2-0-aIlyl-/3-I>4ibofuianosyl)qiiinazoU^ 

n IS 5-nitro-l-<2-C>-allyl-/9-D-ribofinranosyl)b^ 

The reactions were performed under single-turnover kinetic 
conditions, wng 2.5 /iM catalytic oligcHner and 250 nM substrate, at pH 7.4 
in the presence of 10 mM magnggiu^ ions. All other reaction conditii 
were as in Exanq>le 1. The data were analyzed as m Examfde 1. 

Graphs showing fraction product versus time curves of the variant 
ollgomen are shown in Figures 4 A and 4B. The data indicate that all 

» 

variants at are capable of cleaving very well.. The catalytic oligomers 
tolerate bulky groups such as the uracil analogue, quinazoIine-2,4-dione quite 
well. Infonnatipn such as this is important because it shows that there is a 
position in the catalytic oligomers which can be varied to optimize catalytic 
structure for a given subsoate. 
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. Fjcnmplf 7: in vUn deavage of a long substrate derived from *M>[M»ti»y fi^ 
C virus 

A long RNA substnle ttanscribed from a plasmid was used to 
demonstrate cleavage of such a substrate using the disclosed composidDns* 
5 Plasmid pK(l-4728) comaiu tfie first 1358 bases of the hq)aiids C viius 
genome (HCV). The sequence is oricated so as to allow a ranofif tnuisoqit 
of the Bam Hlrtineaiized plasmid that produces a 1358 base transcript. A 
runoff txansczqition (3-5 p^g) was peribnned in a 100 fd reacdon volume 
containtng 40 mM Tris-HQ (pH IS). 18 mM MgCl^, 1 mM spennidine. 5 

10 mM DTT, 2000 U/bd placental RNase inbibitor (Piomega), 3 mM of each of 
ATP, UTP» CTP and GTP. 50 y£i of [a-^GTP (DuPoat NEN) and 3000 
U/ml T7 RNA polymerase (New Ehgtand Biolabs). The reacdon was 
tncnbated at 37*C for 2-3 hours and dsen tenninated by addidon of 100 ^ 
RNA gel-loading buffer (98% fbnnamide* 10 mM EDTA, 0.025% xylene 

15 cyanol FF and 0.025% bmmophenol blue). The mixture was then heated at 
90*C for duee nunotes, snap-cooled on ice and subjected to electrophoresis 
on a 4% polyaeiylamide/7 M mea gel. The 1358 nucleotide long transcript 
was visualized by UV shadowing, the band was excised and the RNA 
ext ra c te d by electrochition for one hour. The RNA was then recovered by 

20 ovendght etfaanol prec^itadon. After centrifogadon and washing with 70% 
ethanol the purified tranacrq[it was resuspended in 20 fd of DEPC sterilized 
water and the concemration was determined by UV measurement 

The foUowfaig digomers were riesigiwl to target the nmoir tr a ns cript 
ofdieHCV* 

25 

L-gganucgcuGAuGaggccgugaggccGaaIcucaugg*T (SEQ ID NO:28) 

LrgauucgcuGAaGftggccgugaggpcGaiTmrnugg^T (SEQ ID NO:29) 

L-gganu&gcUGAu(jaggccgugaggccGaaIcucaugg*T (SEQ ID NO:30) 
L^auncgcuGAttCklggCG8^gaggccGaaIcucsogg^ (SEQ ID N0:31) 

-30 

L » 5*<termina] hexanediol linker 

*T a 3*-3' inverted thymidix^ 

A, G, U and I are ribonucleotides 

a, c, g and u are 2*-allytoay-2*-deOT^bonucleotides 

35 
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These sequences are targeted to the GCA-34S site of HCV genonie 
which is present in the transcript 

Cleavage reacdons were carried out in a 10 ^1 volume co&taming 50 
mM Tns-HQ (pH 7.5), 10 mM Mgdj. 30 oM radiolabeled transcript and 
5 300 nM catalytic oligomer (dtfaer SEQ ID NOS:28-31). Ixxnbation was 
performed at 37*C for 10 mimites and 60 minates for each cfigomer tested, 
and the reactions were quenched by addition of 10 of geMoadtng buffer 
containing 20 mM EDTA, heated at 90*C for 5 mhmtes aiMl then cooled cm 
ice. Uncleaved transcript and cleavage products were dien separated by 
10 electroiihore8i8onB4Xpolyacryhmude/7M uxeagel. After dectrpphoresis 
the gel was transferred onto Whatman 3MM filter paper and dried for two 
hours at 80*C. Bands were qnantitated by exposure co a Pbosphorlmager 
screen* 

The results of d»se assays indicated that all ftanr of the catalytic 
15 oligomers were capable of cleaving the HCV ruxiff transcript. This 
bdicates that target catalytic oligomers contalnit^ ail 2'-0-allyl- 
ribonucleotides, except at positions U^, G'. A*, G', and I^^ (SEQ ID 
N0:3(Q and except at positions G*, A*. G\ G*^ and I^* (SEQ ID NOS:28. 
29, and 31), are cqnble of cleaving a long RNA. 
20 Example 8: Comparison of in ritro deavaee of a long substrate derived 

from hepatitis C vims usbig catalytic oligomers targeting 
GCA and QUA triplets 
• Cleavage assays were performed to show diat catalytic oUgomers 
designed to cleave the 1358 base HCV substrate function at concentrations as 
25 lowas30nM« Hie preparatitm of the runoff tranaer^ was as in Exan^le 7. 
The oligomers used in these assays were as follows: 

L^ggauncgcuGAuGaggccgttgaggccGaaIcucaugg*T (SEQ ID NO:28) 

l/HuggugucuGAuGaggccgugaggccGaaAcguuugg^T (SEQ ID NO:32) 

30 

L B 5'-teniunal hexanediol linker 

*T » 3*-3' inverted tbymidine 

A, G, U and I are rilxmucleotides 

a, c. g and u are 2'-allylo]7-2'-deoxyribonucleotides 

35 
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These catalytk oligomers isaget the GCA 345 triplet (oligomer of 
SEQ ID NO:28) and the QUA 378 triplet (oligraier of SEQ ID NO:32). The 
fragments dnained when analyzing cleavage reactions of the 1358 runoff 
tramcript of the HCV are 347 and 1011 micleoddes loiig for cleavage at the 
5 GCA 345 site and 380 and 978 nudeoddes long for cleavage at the GUA 378 
site. The catalydc oligomers were compaxed at 1 and 3 fiM witti a reacdon 
thne of one hour and at concentrations of 30 nM, 100 nM« 300 sM, 1 pM 
and 3 §M with a reacdon time of three hours. AH ottier reaction and 
conditions were as in Example 7. 

10 An analysis of the data indicated diat Hie oligomers cleaved the HCV 

transcript after three hours at all concentrations of catalytic oligomer fffff t n l. 
This indicates ±at concentrations of catalytic oligomer of 30 nM are capahle 
of cleaving a 1358 base RNA fragment of die HCV genome. 
Example 9: Qearage of human ILr2 mRNA in Jorkat cell lysatcs 

15 Cleavage assays were perfbnned to show diat catalytic oligomers 

targeted to IL-2 mRNA were capable of cleaving the native mRNA in a cell 
lysale sohition. These assays were perfonned with the catalytic oligomer of 
sequence: 

20 L"gacwiagcuGAuGaggccgugaggocGaarcaangca*T (SEQ ID NO;33) 

L s 5*-tenninal hexanediol linker 
*T ■= 3-3' inverted thymidine 
A, G, U and I arc ribonucleotides 
25 a. c. g and u are 2*-BllylQxy-2*-deoxyiiboaicleotides. 

This sequence was designed to cleave afier the GCA, where die A is at 
position 140, m the human interieokin-2 mRNA (sequeoce 

T^n^^ HSIL2R in 

the EMBL Nucleotide Sequenee Database 43'' Edition). 

30 Jitrkat cells were stimulated fbr live hours with phorbol 12*myri8tatB 

13-acetate (PKfA)/pbytohemoagghitinin (FHA) io induce expression of IL-2. 
Crude cell lysales were dien pvqxaied frecze-duradog as follows: 2 X 10^ 
cdhi were washed in phosphate buffered saline (PBS) and resuspended in 500 
fii of RNase free deionized water» incubated at room temperature for 10 

35 minutes, then snap frozen in liquid nitrogen and thawed at 37^C. Ceil debris 
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was removed by low speed centrifiigation leaving a etude lysale for use in . 
cleavage assays. 

Each cleavage reaction was caxried out at 37'C in a 1CX> ^ fcactioii 
volume including 62.5 fiX of ceU lysatc, 50 mM Tris pH 7.5, 10 mM MgCl, 
5 and 1 /iM catalytic oligomer for tbe xeaction dmes: 0, 10, 30, 60, and 120 
minutes. The following controls were done* control after 120 minutes with 
no oligomer. IL-2 probe control, IL-2 and i9-acti& RNase digested, ani a 
control alter 10 minutes with no oligDnier. KNA was purified from the 
icacdona vissag BioGeae X-Cell sohition and analyzed by a ribonuclease 

10 protecdon assay (RPA)» usiqg die RPA n kit from Ambion, followiog die 
tnanuftctnrer's protocol. Bbdn labelled andsense RNA probes for ILp2 and 
/3-actin RNA (mtomal standard) were prepared unng an SP6 transcription IdL 
Tbe template for tbe ^-actin probe was purchased from Ambion and produced 
an RNA probe of 334 nunlrotidcs and a protected fn^ wm^ of 245 

15 nucleotides in length. 

AiiiIL-2 probe lemphte was made by using RT-FCR to amplify a 
Iragment of the JLr2 sequence from Jurkat cell RNA. One primer was 
designrd to also include the SP6 transcription promoter site so that the 
resultant DNA probe could be transcribed direcdy from the PCR reacdon. 

20 The probe was designed to be 4S7 mtdeotides in length, leading to a 

protected fragmem also of 487 micleoddes alkr RPA analysis of IL*2 RNA. 
RPA analysis after cleavage widi die catalytic oligomer should identify 
protected fragments of 428 and 59 nudeoddes hi addition to die foil length 
RNA. 

25 Protecnl RNA fragmems were sqMuated by pofyacryiamkle gel 

electrophoresis (5%), blosed onto i^on membrane and visualired by 
cbcmiteminescent detecdon ushig tbe BrightStar Bkxletect kit from Ambion. 
Biotinylated RNA maiken of lengdis 500. 400, 300 and 200 micleoddes were 
used. The cdllysate prquufed aa described above contafais, die 11^2 mRNA 
produced through intracelhdar transcriptkm. This cell lysate, comains die 
targeted substrate. The produi:t of the reaction between the substrate and tbe 
catalytic oligomer produces a 428 base and 59 base fragment of die ILr2 
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mRKA. By using a labeled probe for this sequence, the cleavage products . 
can be detected. The U^Z mRNA was cleaved by the catalytic oligonui. 
SEQ ID NO:33, in die presence of die cell lysate. This radicates diat the 
catalytic oUgomen are capable of deavmg a long» native, mRNA in the 
presence of the cellular material associated widi the mRNA in vivo, 
Ebcanqple 10: C3eavage of rat dopandne 112 receptor RNA in CHO cell 
lysates 

Cleavage assays were per fon ned to Aow that calalytie oligomcra 
targeted to rat dopamine D2 receptor mRNA were capable of cleaving the 
native mRNA in a CHO cell lysate sohition. The assays were perfonned 
with the catalytic oligomer of sequence: 

Lr gcucgaccuGAuGaggccgugaggccGaalcugcgctt^ (SEQ ID NO:34) 

L 5'*terminal hexanediol linker 

•T « 3'-3* invested tfaymidme 

A, G, U and I are rilxsnicleotides 

a« c, g and u are 2*-ally]oxy-2'-deoxyrihonucleoddes. 

This sequence was designed to cleave afker tbc GGA. where the A is at 
position 811, in the rat dopamine D2 m ep tax RNA (sequence name 
RND2DOFR m die EMBL Nucleotide Sequence Database 43" Edidon). 

Crude cell lysates were made from CHO cells stably transfected with 
die rat dopaminB D2 receptor gene by die fireezie-tfaawing procedure as 
described in Example 9 above. Each cleavage reacdon was canied out at 
yj^'C b a 100 ;d reacdon vohnne inchidmg 62.5 id of cell lysate, 50 mM 
Tris pH 7.5, 10 mM MgCl, and 0.5 |iM catalytic oUgomBr for die reaction 
times: 10, 30, 60, and 120 mixxites The following controls were perfonned: 
dppandne D2 nccptat RNA and ^-acdn digested whh RNase, dopamuoe D2 
receptor RNA and 0-actin control, lat dopamhie D2 receptor RNA probe 
and jS-actin cootrol, control after 10 nunutes with no oligomer, concn^ after 
30 minutes with no oligomer, and control after 60 minutes with no oligomer, 

RNA was purified firom the reactions and analyzed by ribonuclease 
piotecticHi assay, using die RPA n lot from Ambion and following de 
manufacturer's protocol. Biotio labelled andsense RNA probes for nt 
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ine D2 receptor and mouse g^acdnRNA fintenifli itteiyfanl) wtre 
pttpaitd using an SP6 tnmscription kh. The template for the P-actin probe 
was purchased Irom Ambion and produced an 
and a protected fragment of 245 nucleotides in length. 

A dopamine D2 ttceptor probe ten^late was made by using RT-PCR 
to amplify a fragment of the dopamine D2 receptor sequence ton CHO cell 
RNA, One prhncr was designed to also inchide the SP6 transcripti^ 
promoter site so that the resuham DNA probe could be tzanscribed directly 
fiom the PGR reaction. The probe was designed to be 663 nucleotides ate 
RPA analysis of dopamine D2 recq)tor RNA. RPA anatysis ate cleavage 
with the catalydc oligomer should identify protected fiagments of 3^ and 
269 nucleotides in addition to the fuU length RNA. ProiectedRNA 
fragments were separated by polyaciylamidc gel electnsphoresis (5%). blotted 
oitto nylon membrane and visualiied hy detection mmg tlu. 

BrigfatStar Biodetect kit from Ambbn. 

The results indicated that the D2 recqnor RNA is cleaved by die 
catalytic oligomer, SEQ ID NO:34. The cleavage products were detectable 
by 10 minutes and increased with time indicating that die catalytic oligomer 
Is not being substantiaay degnded over time. 

Enmple 11: Oesfage of Imman ICAM-1 mRNA in A549 cifl^fy^ 
Cleavage assays were peifonned to show that catalytic oiigomeis 
targeted to ICAM-1 mRNA were capable of cleaving the nadve mRNA in an 

A549 ccU lysate sohitioa The assays were performed with Ae catalydc 
oligomers of sequences: 



L-ugguucucuGAuGaggccgugaggccGaaIuguauaa*T 
L-ttgM gH C Cu GAuGaggccgiigaggceG fla!iifl inni n i*T 

L » 5'-Ceimtnal hexanediol linker 

= 3*-3* faiverted tbymidio? 
A, G, U and I are ribonucleotides 
a, c, g and u arc 2'-allyloxy-2*-deo)^bonucleotidcs. 



(SEQ ID NO:35) 
(SEQ ID NO:36) 



These sequences were designed to cleave ate the ACA sites where 
35 die first A is positioned at base 1203 (SEQ ID NO:35) and position 1592 
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(SEQ ID NO:3©, in the human inteiceUular adhesion molcculc-l mRNA 
aCAM-1) (sequence name HSICAMOl in the EMBL Nucleotide Sequence 
Database 43'* Edition). 

Ciude cell lysates were made fitom A549 ceUs. after a five hour 
stinnilatxon with 10 ng/ml of liTNFa to induce eqncssian of ICAM-1 , by die 
ficczBHhawipg pn)cednit as described in Ex^ EachcJcavage 

reaction was carried om for two houR at 37«C in a 100 Ml iwction w 
indnding 62.5 /d of cell Jysate. 50 mM Tris pH 7.5. 70 mM MgO, and 
catalytic oligomer to a fmal canceatration of eidier 500 oM otigoner, 200 
nM oligomer. 100 nM oUgomer, 50 nM oligomer, control without catalytic 
oligomer. IWA wa* purified from the reactions and analyzed by 
ribonudease protectbn assay, using the RPA n kit from Ambion, foUowing 
the manufisctuicr's protocol. Biotin labelled amiscnsc RNA probes for 
human ICAM-1 and GAPDH W^A Cmlenial standanl) were 
an SP6 transcrqition kit. The tcmphie for die GAPDH probe was purchased 
ftom Ambion and produced a protected fragment of 316 ntii^i^^ ^g |n 
leqgth. 

An ICAM-1 probe template was made by usii^ RT-PCR to ampliQr a 
fragnaenl of flje ICAM-1 sequenee fiwm A549 cell KNA. Oneprimerwas 
designed to also include the SP6 transcription pro u xrtct site so that the 

re«ultam DNA probe could be transcribed directly from the PGR 
The probe was designed to be 598 nudeoddes in length, »^>»ig to a 
protected fragment also of 598 nucleotides after RPA analysis of ICAM-1 
RNA. RPA analysis after cleavage widi the catalydc oligomen should 
identify protected fragments of 552 atd 46 nucleotides (1205 ACA site) and 
433 and 165 nucleotides (1592 ACA site) respectlveiy in addidon to die ftdl 
length RNA. 

Protected RNA fragments were separated by 5% polyaciylamidc gel 
tlectrophortsis, btotted onto nylon membrane and visualized by 
chcmihaninescent detecdon using the Bri^tar Biodetect kit from Ambion. 
Biotinylated RNA maricets of lengdi500, 400. 300 and 200 nucleotides were 
used. Cleavage products were produced at all concentrations of oligomer 
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tested, acavagc tt the 1592 ACA site was particularly effective even uslpg 
only 50 nM catalytic oUgomer. 



« 
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SEQUENCE LISTZNO 

(1) QENBRAL mFORKATION: 

(1) xmiCKsnt Ixmovlr Laboratories, Inc. 
(11) TITLE OF iNVBMTIONt Cooposltloiks Baviiig RBCl-CltavftQe Acbiritv 

(ill) HDHBBR OP SBOOBRCBS: 36 ^ j 

(iv) COItfiBSPGNDBNCS ACORSSSs 

(Al mstOLSBOats Vatram L. Pabat 

(B)' STBSSTs 2B0O One Atlantic Center 

1201 waat Peaehtreo Street 
|C) CTTCi AtlentA 
<D) STAZSs OA 
(B) CODmY: OSA 
( F) ZI P: 30309-3450 
(v) CGHFDTBR HBADABLS FORM: 

MP>™ T yPEi Floppy diak 

(B) COMFOTSRt ISM PC coopatlble 

(C) OPKRXTIKQ SYSTEM: PC-DOS /MS-DOS 

U>> SOFTinRSt Patentin Release #1.0« Vcralon #1.25 
(vl) CORREHT APPLXCATIOir DATA: 

(A) APPLXCATIOtf NIMBBR: 

(B) FILOQ DATES 

(C) CLASSIFICATION: 
(viil) ATTORllBY/AaBrr ZBFORMATXCNt 

CA) RMfB: Pabat, Patrea L. 
(B) RBQISTWITIOR BDMBKR: 31,284 
<C) RBFERBNCS/DOCXET NDMBSR: ILI 123 
iix} TBLBCOWCnnaiTIOir IKFORMATXOV: 
(A) TELSPBOBB: 1404) -873-6794 
(B> TBLBXIUCt (4C4}-873<-B795 

(2) mPOSMATIOff FOR SEQ ID HOt li 

(i> SBPCnPfCB^CTARACnPaSTICS t 
(A) LEWW Ht 57 baaa paira 
(B^ TYP Bi TOc leic add 
(C\ STRAKDSDZIBSS t aingle 
(D| TOPOLOOVi Circular 

(xl) SSQinZHCB DBBCRZPTXONs 8BQ ID NO; 1: 



namaa n m AiuaDiinamN rbnuhub S7 



C2) nnWHI iATIOW FOR SEP ID HOt 2i 
(1 ) SKQUKHCB CHA RACTBRISnCfl : 
(A) LBMSTOt 35 baae paira 
(B| TTTS; nucleic acid 

(C) STBABDBDNBS8: aingle 

(D) TOPGLOOTt linear 

<xi) SBQOSHCB DBBCRIPTIOR: SBQ ZD MOx 2: 



vaaom 35 



(2) IHFORMATIO^ FOR SEQ ID HOt 3> 
(1) 8 BQUKM C B CBARACTSRI8TICS : 

(A) LSmtBi 13 base pairs 

(B) . TTPBx nucleic acid 

(C) STBASOBDZaBSS I single 

(D) TOPOUXiTt linear 

<xi> SBQDSHCS DBSCUPTZOIf t SBQ ZD NO: 3t 



US 13 



(2) IHFOR MATIOW FOR SBQ ID HOt 4t 
(i) SBQDEHCB CHARACTERISTICS: 
(A) LBI98TBt 14 base paira 
(B> TTFBs nucleic acid 
(C) STRABDBJMBSS: single 
(D> TOPOLOGYt linear 
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(Xi) SBODSNCB DBSCRZmONt SSQ ZD NO: 4 : 

GAAISkCaSGU CXK:T 14 

(2) ZNFDSMmGMr FOR SEQ ID HO; St 
(1) SEQOBKCE CHAKACTBRZSTICS I 
iK) ZiENGTB: 14 bMtt pairs 

(B) TVPS: nucleic acid 

(C) BTStMmmBBSt singla 

(D) TOPOLOGY: linear 

(xi) SBQDBHCB DSfiOaPTZOlii SSQ ZD BQi 5x 

GAMACAGOd COCT 14 

{2) IKPOBKATZOH FOR SKQ ID WO; fii 
(i) SEQDSHCB CXMtACTBRZSTZCS : 

(X) immt 14 baaa pairs 

|B) TYPE: nuolaic acid 

(C) STRANDBD^aB8St flixigl« 

(D) TOPOLOGT: llAoar 

(xi) SBODBNCX DBSCRZmOUt SBQ ZD nOt 6: 

CSAiOlACDGGD C6CT 14 

(2) INFORHmm FOR 82Q ID NOs 7: 
(i) SKQfORinnC CHASACTZEZSTXCS 1 

(A) LEHQTHt 14 basa pair* 

(B) TYPB: nucleic acid 

(C) STSAHDSrassSi single 

(D) TOPOZOGTs linear 

(xi) SBQDBHCB DBS(aLZFTION: 8BQ ZD NOi 7i 

(SAftOGOCOSD COCT 14 

(2) IMFOR MftTIOH FOX SBQ ID MO: 8S 
(i) SBQOBIRS CmUMCTBRXSTZCSt 
(A) LBBQTH; 14 baas pairs 
<B ) TYPE I suolaic acid 
<C) STSANDBDBBSSt siagls 
( D) T OPOLOCiy: lin ear 
(xi) SBODBNCB DBSCRIVTZONt SBQ ZD MOi 8t 

GAAUGCAGCa CSGCT 14 

(2) INFOHMATZON FOR SBQ ID NOi 9; 
(i) SEQOmTCB CBARACTBRXSTZCS: 
(A) LE2XSTB: 14 base pairs 
(a) TTPBs anelaic acid 
(C) STRA20>BDBBS8i aix^le 

<D) TOPOXiOCnr: linear 

(xi) 5SQDZNCB DBSCRIPTZONt SEQ ID MOi 9i. 
GAADOCOOOD 08CT- 14 

(2) ZMFORMA Tlbw FOR SBQ ItOt 10 s 
(i) SBQdBMCB CBRRACTBRZSnCS S 

(A) LSUGTB: 14 base pairs 

(B) TYPXi nucleic acid 

(C) S7RANDBDKBSS : single 
(O) TOPOLOGY: linear 

(xi) SBQDENCB 0BSCRZ9TZGN: SBQ 3D IK>{ 10 1 

GAAUCCCG6D CCXT 1^ 

(2) INPORMATXON FOR SBQ ZD KO: 11: 
(i) SSQUBZ9CE C»ARACTBRX5TXCS : 
(A) liEUGTB: 14 base pairs 
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(B) TYPS: nuclsio acid 

(C) STRAKDEDNBSS: single 

(D) TOPGLOGYt linear 

(xi) SBQDEHCB DBSCRIPTZON: SSQ 2D NOt lit 

CSAADCCAOGRI C6CT 

(2) INFORNHTXOM FOR SSQ ZD MO: 12 s 
(i) BBQDKHC B CBM ACTBSaSTtCS t 

CA) LBHQTBs 14 base pairs 

(B) TYPBt nuclaic acid 

(C) STSlAinSBDIIIsat Bingla 

(D) TOPOLOGY I linear 

(xi) SBOOBSCE DBSCRXPTIDII: SSQ ZD NOs 13: 

CMDCCDGGO CGCT 

(2) ZNFOSMUrZOMr rat SBQ id NOi 13t 

(i) SBonsyc g cH MtAcraugTica: 

(A) LBNOXHt 14 baae pairs 

(B) TYP B ; ntic loic acid 

(C) sntAHDBDKBBSs single 
<D) TOPOLOOY: linear 

(xi) SBQUBMCB DB8C3UPTZ0H: SBQ ZD HO: 13 1 

GAADacOGQU 0C3CT 

(2) ZH70HMATI0N FOR SSQ ID MO: 14: 

(i) SBQOENCB CBARACTBSXSTXCS i 
(A) LBMOXa: 14 baae pairs 
(B> TYPBt nuolaic acid 

(C) STRAHDBOMSSfl : single 

(D) TOPOLOST: linear 

(xi) SEQDB3CB DIESCRZPTION! SBQ ZD NOi 14i 

iSMSJOCMSa CGCT 

(3) ZNFOXMArZOH FOR SEQ ID MO: 15s 

(i) SEQUKMCB CHASACTSRISTXC8 1 

(A) LENGTB; 14 base pairs 

(B) TYPB I miaiaie add 
(C: 3TBAHDBDMSSS: single 

(D) TOPOiiOGY: linear 

(xi) SEQUBNCB DESCRIPTZQH: SKQ ID MO: 15: 
OAADnCOGGU GOCT 

(3) ZMFOUaTZQIt VOX SSQ ID NO: 16: 
(i) SBQDEHC B CH ARACTgRISTICSi 

(A) I2MGTH: 14 base pairs 

(B) TYP B; nucleic acid 

(c) snuHDSDNBSSs single * 
(D) TOPOLOGY: linear 
(xi) SBQinSiCB DBSCRZPTZOHs SBQ ZD NOt 16 s 

aAADQDCOBU GOCT 

(3) ZNFOSNATZOH FOB SSQ ID MO: 17: 
(i) SEQUKMC B CHA BACTKRISTZCS : 

(A) LBNOTHs 35 base pairs 

(B) TYPB I nucleic acid 

(C) 8TRARDEDNESS : single 
(Dl T OPOLOGY I linear 

(xi) SBQDBHCB DBSCRlPTlUNi SBQ ZD tX>s 17: 

GOGACCCDGA DGJUSGCCGUG A06CCGAAND ADDCT 
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(2> XNFQRHATIOK FOR SBQ ID NO; 18: 
(i) SBQUEHCB CBARACTBRZSTZCS: 

(A) LBSXdTEt 35 base pain 
<B) TYPE: nucleic acid 

(C) STKARDBDNBSS : Bingle 

(D) TOVOLOCnr: linear 

Cxi) 8BQDBSCB DSSCRIFTXQS: SBQ XX> 210: 18 s 

GCOACCCOGJi DQJVOOCOaUO AGGCCGAAZIC AUULT 

<2) INFOSMATiaS FDA 8S0 ID MOs 19: 
(i) SBODg gCB Oa RACTEttlSTlCS : 
(Jl) LBN9rHs 15 baae pairs 

(B) TYniB nucleic acid 

(C) STRAHDBDNBSS t sisgla 

(D) TOPOLOQYi linear 

(xi) SEQ05HCS DBSCUFTZQH: SBQ ID NO: 19; 

<XX2ACCCXIGUl DOftOGCCGRlG AOCCOSAAliO ADCCT 

(2) IKFORMATXOZr FOR SEQ ID KO: 20: 
Ci) a BUUmCB CHABACTBSISTICS: 

(A) IjBNGTHs 35 base pairs 

(B) TYFB: nucleic acid 

(C) STBAMDBDBBSS: single 

(D) TOPOXiOGY: linear 

(Xi) a BQUBMCK DBSCRXFTZGU: SBQ ZD HO: 20: 

GCOACCCOOJi OBA OQ CO B UO AGGCCGMKA ADDCT 

(2> lOTOSMXTIQIf FOR SBQ ID NO: 21 1 
(i) SBODHHC B Cg ABACTBBISTICS : 

(A) LBNtlTB: 35 base pairs 

(B) TYPB: nucleic acid 

(C) STRAKDBDKB8S : singls 

(D) TOPOLOGY: linaar 

(xi) SBOOBHCB DBSCRIPTZGNs SBQ XD HOi 21s 

OCOACCCDQA OBAG6CCXSUQ AGOCXQAAAC ADDCT 

(2) mPQB HATIOI f VOa. SBQ ID VOt 22: 
(i) SBQDBBTCB CHARACTERISTICS: 

(A) LBNQTBs 35 base pairs 

(B) TYPB? nucleic acid 

(C) STRABDBDIIBSS * single 

(D) TOPOLOGYi linaar 

(xi) SBQDBNCB DBSCRZPTXONi SBQ XD 2iO:22 

(SCQACCCDOA CGAGGCOSDO AflQCOGAAlVC ADDCT 

(2) IMPOR MATIOW F OR SBQ ID KOt 23: 
(i) StfUUBM Ca CH RBACTBRianCS I 
(A) ZtHigOlBs 35 base pairs 
<D) TYPB: nucleic acid 
<C)' STRANDBDHBSS: singla . 
(D) TQPOUXnr: linaar 
(Xi) SB Q U B MCB DBSCRZPTZCBft SBQ ID BO: 23 

OCXKACCCOGA AQAOGCCOOO ABQCCGAAMC ADDCT 

(2) INFORMATION FOR SEQ ID NOt 24 1 
<i) SBQDBNCBCTMIACTBRISTICS : 
<A) XiZNGTH: 35 base pairs 
<B) TYPBs nueleie acid 

(C) STRANDBDNSSS : single 

(D) TOPOLOGY: linear 
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(xi) BVQXmfCE DB8CRIPTZ0IT: SEQ ID NO: 24 

<;CGACCCDaA GOMSGCGGrDa AfiGCCGAAZIC ADOCT 

(3) ZKFQBMUTON POA 8B0 ZD NO: 25: 
it) SBQORHCB CBIUtACTBSZSTZCSs 
iK) LB2X2ZBI 35 bmjf pairs 
(B) TYPBx nucleic acid 
(c) ffmsDBDSSSSt aingXe 
(D) TOPOiiOaYt linaar 

ixt) SflQUBNCB DBSCKIFTZCafi SBQ ZD H0:25 

GCGACCCDOA BGAOQCCam JU»COSAANC ADUCT 

(2) ZHFOfiMATZOaS FOR SBQ ZD liK>t 26t 
U) SBQDBNCTCTASACTKUtSTZCS : 

(A) lAKixHs 35 baaa pairs 

(B) TYRx nucleic acid 

(C) STSAHDBDNBSS : single 

(D) TOPQLOaifi lloaar 

(Xi) SBUUKNCS DBSCRIPTZOHi SBQ ZD llO:26 

GGOACCCOGA 19GAGGGC809 AGOOOSAANC ADOCT 

(2) ZHPQSIIATZaii FOR 8SQ ID MOt 27 1 
(1] BBqOBMC H CB ARACTgRZSTICSt 

(A) LBHOTBt 35 base pairs 

(B) TiTPEs nucleic acid 

(C) STSASDBDNBSSs single 

(D) TOPOLOOT; li&aax 

(xi) SBQDBUCB DBSCKZPTZCafft 8BQ ZD 110:27 

GGQACCCOSA NOAOGCOGRIS AOQCCGAAISC ADDCT 

(2) ZMFOH MATZCm FOR SSQ ID NO: 2B: 

(1) BBQOB MCg CT ARACrgRISTZCS ; 

(A) LMlo iHi 30 base pairs 

(B) TVPBi nucleic acid 

(C) STSAHDBDHBSS : single 

(D) TOPOLOGY: linear 

(xi) SBQUiSUCK DBSCRZPTZQir: BBQ ID TSK>z2S 

GGAUUCUCDO ADQAfiOCOOO QAOQCCXMAM CDCAOGGT 

(3) ZMFORMJITZON FOR 8SQ ZD HO: 29: 

(i> 6EQDENCE CBARACTSRZSTZC3 : 

(A) LBSGtBs 37 base pairs 

(B) TyPBi _TOcleic acid 

(C) STRAHDBDBBBSs single 

(D) TOFOLOGYt linear 

(xi) 8BQ08IICB DS8CR1PTICN: BBQ ZD NO: 29 

GAZJDOSCDQA AOAGGCGODG AGGOCOAANC DCADOOT 

(3) XMPORMATZOH FOR SBQ ID WD; 30: 
(i) SBQCENCB CBARACTSRZ87ZCS : 

(A) LENGTB: 38 base pairs 

(B) TYP B: nu cleic acid 

(C) SXSARDBDKBSBt Single 

(D) TOFOLOori linear 

(xi) SBQCBIICB DBSCRZPTXOirt SBQ ZD BO 1 30 

OGAUUUUCUO AOSAGGCGGa GAOGOOQAAN COCADOGT 

(3) ZKFORMATIC^r FOR SBQ ID KO: 31: 
(i) 3 BQUBNU K CHA RACTBRISTICS t 
(A) LSBCFTRt 37 base pairs 
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(B) TYPE: nuclftic acid 

(C) STfiANDSONBSS: aijigle 

(D) TOPGbOCnr: linear 

(xi) 8EQD8HCB DBSCRZPTZQlf : SEQ ZD HQs 31 

GABUCaaJOA UQAGGCCGHG AG60CGAA2IC UCAOQGT 

(3) ZNTOSKATIGH FOK BBQ ZD JStOi 33: 
(i) BBQPgW CB CH ABACTglZSTZCS : 

(A) XJDRRHx 36 l»se pairs 

(B) TYP gt nu claic acid 

(C) STRAHDBDIiBSa i aiagle 
<D) TOPOLOGY: linear 

(Xl) SBQOENCB OBSCaZPTXON; SEQ ZD NDi32 

XJUSQUUUUUU ADQAOGOOOD GOUIOCGQAMk OUUUUUUT 

(2) IMFOSMATiaN POK 8BQ ZD 1X>: 33: 

(i) SBQQg WCB CHM UCTaZSTICS: 
(A) LBNQVBt 36 baae pairs 
(B> TTPS: nucleic acid 
(C> STSANDSDtllSS : single 

(D) TOPOEOOYi linear 

(xi) SBQDBMCB DBSCRZPTIGir i SBQ ZD 110:33 

GACUaAGCUO ADGA6GC0GU QAfiGCCOAAIV CAAD6CAT 

(3) lOTORMATION FOR SBQ ID HOi 34x 

(i> SBQOKKC B CH ARACTgRISTZCSt 

(A) Lgno THi 38 base pairs 

(B) ZTFBi nucleic acid 

(C) STRAKDBORBSS] single 

(D) TOPOLOCntt linear 

(xi) BEQOBXICR DBSOUPTZOtri SBQ ZD NO:34 

GCOCOACCDS AOGAOQCCXRJ GAOQCCBAAV CDCZOQCDT 

(3) ZHFOSmXZGS FOR SBQ ZD KOt 35: 
(i) SBQOBMC B g ABACTBRZSTZCgi 

(A) LSNGTH: 38 base pairs 

(B) TYPS: nucleic add 

(C) STRANDBDNBSS: single 

(D) TOPCiooY» linear 

<xi) 6BQDBKCB DBSOtZPTZOirt SBQ ZD NO: 35 

WSOUUaiCUO AUQAGGCCro QAaaCCOAAU ugoacaat 

(2) ZNFORMATZGN FOR SBQ ZD HOt 3€t 
(i) SBQOE MCB CH ABACIBRZSTZCSt 
<A) USMOIBt 38 base pairs 
(B) TYPB: nucleic acid 
iC) STRAllDBCnBSSs single 
(D) TOPOLOGVs linear 
(xi) SKUMISNCB DBSCBZFTZCirs SBQ ZD KDs36 

DGQAGOCCDa ADOASQCOOO QAOfaCCGJUOr UADDDCOT 
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Qaims 

1. A coznpositioa tfiat cleaves an SNA substrate, the composition 
comprising componeiits (a) and (b), 

wherein c om ponent (a) comprises 5*-Z,-Z2-3* and c om ponent (b) 
con^}riscs 5'-Z}-Z«-3% wherein cooqxineots (a) and (b) either are separate 
molecules or are covalendy coupled^ 

wherein Z| and are oligomeric seqncnces which (1) are conqirised of 
miclcotidesy nucleotide analogues, or both« or (2) are oligonucleotide analogues, 
wherein the oligomeric sequences specifically intenct widi ihe RNA subsoaie by 
hybridization, 

wherein 2^ consists of 

5*-X^X«5PX*}ra«X»-3\ or 

wherein Z| consists of 

5'.X"X°X'*X»?*-3\ or 
5'-X"'^'^'»X»*X«^*-3\ 

wherein Zi and Zy are comprised of nucleotides, mxclcotide 
analogues, or botlw wberefai the nucleotides and nucleotide 
analogues each have the stmctnre 



D 




E W 



wherein each B is independently adenhh9-yl, i^tosin-l-yl, guanin-9-yl, 
• umcil-l-yl, uracil-5-yl, hypoxanthin-9-yl. thymin-l-yl, j-methylcytosin*l-*yI, 2,6- 
diaminqnirin-^yl, purin-9-yl, 7-dea2aadenin-9-yl, 7-dcaiaguanin-9-yl, 5- 

propynylcytosin-l-yl, S-pnqiynyluiacil-l-yl* isoguanm-9-yU 2-aminopurin-9-yl, 6- 
meihyluracil-l-yl, 4-thiouFacil-l-yl, 2-pyrbnidooe-l-yl, quinazoIine-2,4-dione-l- 
yl, xamhin-9-yl, hP-dimetfaylgttanin-9-yl, or a iunctional equivalent thereof. 
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Ml* Itt 



Wherein each V is indqpeBdently an O, S, NH, or CHj & 

wherein each W is Independently selected firom the gnnxp consis ting of 
•OH, -COOH. -CONHj, -CONHR*. -CONRW. -NH,, -NHR\ -NR»R», • 
NHCOR'. -SH, SRK -F, ^NH^. -ONHR\ -ONRV, -NHOH, -NHOR>, - 
NRH)H. -NRH)R^ substxtuted or onsubstituted C|-Cto straight rha^ or bnmched 
alkyl, substftuied or onsubstitiited C^-Cio straight chain or branched aUcenyL 
substituted or nnsubstituted C^^^ straight cham or branched all^l » sobstituied 
or unsubstituted Cj-Cu straight chain or branched aikoxy» substituted or 
unsubstiluted Cf-Cu straight chain cur branched aOcnvloxy, and sidmituled or 
misttbstituted C^-Cu straight chain or braiched alkynyloj^, wheieui the 
substituems are independently halogen, cyano, amino, carboxy, ester, ether, 
carboxamide. hydroxy, or mercapto, wherein R' and R* arc. independently, 
substituted or unsubstituted allcyi, aUcenyl. or alkyny] groups, ^idiere the 
substituems are indq)endentiy halogen, cynna. amino, carboxy, ester, ether, 
carboxami4e, hydroxy, or meicapto, 

wherein D and E are residues wfaidi together form a phoiphodiester or 
plio^hoiotUoate diester bond between adjacent nucleosides or p»Hrffiyif1r 
analogues or together form an analogue of an imemucleosidie bond. 

wherein hi X'^'^, B is hypoxanthin-^yl or a functional equivalent dxreof, 

wfaexdn in;^, X*. and X^, B is independently guanin-9-yi, faypoxanthia- 
9-yl or 7-deazaguan]n-9-yl; 

wherein m X*. X», X^, and X". B is fadq)endcntly adcmn-9-yI. 2.^ 
diaminppurin-9-yl, purin-9-yl or 7-dea2aadenm-9-yi; 

wherem fai X*; B is madl-l-^, uracil-5-yl. thymm-l-yl or 5-prDpy- 
nyluracil-l^yi; 

wherein fat X?, B is cytosin-l-yl, 5-mctlylcytosin-l-yl or 5- 
propynylcytoshi-l-yl; 

wherein in X', X^, and X^**, B is independently ademnr9^yl, cytosin-l- 

« 

yl. guanxn-9-yl. uractl*l-yl, uracil-5-yl. faypoxanddn-9»yl. d^min-l-yl. 5- 
mctlylcytosm-l-yl, 2,6-diaminopuriii.9-yl, purin-9-yl, 7-dca2aadcnfai-9-yU 7- 
deBzaguanhi.9-yI, S-propynyteytosto-l-yU 5-propynyluracil-l-yl, isoguanuH9-yI. 
2-anunDpurin-9-yl, 6-methyluracil-l-yl, 4-thiouracil-l-yl, 2-pynnudone-l-yI, 
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quiiiazolinB-2»4-dioDe-I-yl. xaiilhiiv-9-yl, N^-dimetfaylguanin-g^yl, or a fuacdonal 
equivalent thertof . 



The CO! 



Ill •^•>.-itit»;i 



of claim 1 wbcftin ilie RNA substrate conqirises 

whoein Z,' and Z4' interact with 2^1 and 2;» iwherein C^^ is cytidine, 
wherein X" is fldennrine, gnanosine, cytidioe» or uxidine. 



wherein cleavage occurs at die 3' phosphate of X'^ 



3. The conqmition of cUim 2 wherein X" is adenosine, cytidme* or 
uridine. 

4. The compositioa of cUuml wherein compoiKots (a) and (b)aie 
covaiemly coupled to form a sinictuze 5'-Zi-2;i-Zr2^-Z«*3\ 

whoein Z, is t linker. 

5. The con^ositioa of claim 4 wherein the iinlcer is selected bom the 
group consisting of oligttneric sequences, non-flucleotide linkers, ani a 
combhiation of ollgomeric sequences and noD-nucleotide tthkers. 

6* The composition of claim 5 niierein tiie oligomeric sequences 
independently either (a) contain nucleotides or miclcotide analogues or (b) are 
oligonucleotide analogues. 

7. The condition of chum 1 wherein components (a) and (b) ire 
separate molecules* 

wherem compcwent (a) comprises S'-Z,-Zr^3\ 

wherein component (b) comprises 5*-ZrZ,-Zr3*, 

wherem Z« and Zf are oligomeric sequences which (1) are comprised of 
nucleotides, nucleotide analogues, or bodi, or (2) are oligonucleotide analogues, 
wherein the oligomeric sequences ^lecifically interact with each oter. 

8. The conq>ositiQn of claim 1, wherein Z| and Zi do not contain any 
■ 

pyrimidines that are ribonucleotides. 

9. The composition of claim 1, wherein Z| and Zt do not coimdn any 
ribonucleotides. 

10. The composition of claim 1, wherein Z| sod Z« are comprised of 
muOeotides, nucleotide analogues, or both, wherein the nucleotides and nucleotide 
analogues each have the strucmre 
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D 



B 




V 



E 



w 




yl, xai]iiuii-9-y1, N'-d]iiiethylgaadn-9-yUor a ftmctioioi equivalent dieieof. 
wfaexein each V is inriBpenrtrntly an 0» S, NH, or CH3 gronp, 
^Ktoein each W is independenily selected from the group consisting of 
substhuted or unsuhstituted Ct-C,o straight cbahi or branched alkyl» Ci-Cw 
straight chain or branched alkenyi, CVCio straight cham or brandied alicynyi^ C,- 
C|o straight chain or branched alko3^« Cj-Cio straight chab or brai^hed 
alkcnybxy. and C2-C10 straight chain or branched alkynyloxy, 

wherein D and E are residues which together form a phosphodlesier or 
phosplioTothioate diester bond between adjacent nucleosides or imdeoside 
analogues or together form an analogue of an intemucleosidic bond. 

11. The compositim of claim 1, wherein Z, and 2^ each mdependently 
contain finom 3 to 40 nucleotides, nucleotide analogues, or a combination. 

12. The composition claim 1. wherein Zs, Z|, or both contain one or 
several nudeodde analogues wherein each W is independently selected from the 
group consisting of C1-C5 straight cham or branched alkyl, C2-C9 straight cham or 

' branched alkenyi, Cj-C, straight chain or branched alkynyl, €,-€5 straight chain 
or branched alkoxy, QrQ straight chain or branched alkei^loxy, and C^-Cj 

Straight cham or branched Cj-Cj alkynyloxy. 

13. The composition of cbiim 1, wherein each free 3* end is protected 
against cxonudease degradation. 
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14. The compositkm of daim 1, wherein in each X*, X*, V and X""". 
W is independently NH, , OH-subsdtoted Cj-C^ alkyl, OH-substituted p,-Q 
aikeayl, OH-si^ 



Ci-Q alkoxy or OH-subsdnited CX-C4 aflcenykny. 

15. The composition of claim 14, wherein in each X^» X*, X' and X'*^" 
W Is independently NH,, medmy, 2-hydnxxyethoxy, aUykn^ or allyl. 

16. The conqK)sition of claun 1, wherein X^^ is a nbonocleotide. 

17. The compos&ion of daim 1, wherein X'^ and X*^. or a combh 
is a nucleotide analogue in which each W is indqsendently C1-C4 alkyt, Q-Q 
tlkeayl. CrC4 alkoj^. Cy€U aliEenyloxy, OH-sdbsdniied €,-€4 iXtyU OH- 



su 

alkenyloxy. 

18. Thee 

combi 



1 Ct-C« aHoenyl. OH-subsdtuted C-C^ alkoxy, or OH-^ 



•(•II 



of daim 17, wherem X" and or a 
is a nucleotide analogue in which each W Is independently methoxy. 
2-hydnu^edioxy or tHykasy. 

19. The conyoaition of daim 1» wherein X'^*^ is a ribonucleotide. 

20. Amohodfortheipecificdeavageof an BNA substrate, the 
method oorE^risuag brioging into contact tiie composition of claim 1 and the RNA 
substrate. 

21. A method of identifying the fimcttoa of a gene, the metlxxl 
comprising 

bringing into contact the composidon of claim 1 and a ceil containing the 
gene, wherein the conqposttioQ reduces expression of the gene, and 
observing any change in to celL 

22. A method of oeittiqg a disease that is associated widi an RNA 
molecule, the method coir^rising administering to a subject tuivii^ the disease the 
compositbn of daim 1 , viierehi the RNA substrate is die RNA molecule 
associated with the disease. 

23. The method of chum 22 wherein the RNA molecule is an RNA 
molecule that is overexpressed. 
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TIME (MINUTES) 

N7' 2'- allyloxy-2'-deoxyuridine 
-o- fsi7= 2;- allyloxy- 2'- deoxycytldine 
— o- N7» 2,- allyloxy - 2 - deoxyadenosine 
— M7» 2 - allyloxy - 2'- deoxyguanoslne 



1 



o O.S 




TIME (MINUTES) 

— ^ N 7= 2'- allyloxy - 2' - deoxyuridlne 
--o"- N7= 5- nitre -1 -(2-0-allyl -i^-D- 

ribofuranosyl) indole 
— o— N7= 2 - allyloxy- 2 - deoxylnoslne 
— N7» l-(2-0-allyl-/9-D-rlbofuranosyl) 

quinazoline -2,4-dione 
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Remark: Although claim 20 (as far as 1n vivo methods are concerned) and claims 
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body or to a diagnostic method practised on the human/animal body, the 
search has been carried out and based on the alleged effects of the 
compound/composition. 
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